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This  Edition  has  been  carefully  revised,  and  a  large  amount  of 
fresh  matter  has  been  supplied  with  the  view  of  bringing  the 
book  up  to  date,  and  of  keeping  it  abreast  of  the  times.  To 
Lecture  VII.  there  has  been  added  an  Explanation  of  the 
Sensible  and  Latent  Heats  of  Steam  by  the  Kinetic  Theory  of 
Heat.  In  the  Appendix  (IV.)  has  been  placed  an  entirely  new 
Lecture,  Xa,  which  should  be  studied  before  Lecture  XL,  as 
it  deals  with  Work  done  during  the  Conversion  of  Water  into 
Dry  Steam,  e.g.,  "Definitions  of  Internal  and  External  Work — 
**  Efficiency  of  Steam,  <fec. — General  Expressions  for  External  and 

Internal  Work  during  Evaporation — and  Generation  of  Steam 
in  a  Closed  Vessel."  Lecture  XL  has  been  supplemented  by 
Methods  of  Constructing  the  Curve  of  Pressures  and  Volumes 
by  Boyle's  Law,  and  Lecture  XVII.  by  Crank  Effort  Diagrams 
of  the  Thomas  "Russell  Engine,  and  of  a  recent  trial  of  a  Triple 
Expansion  Marine  Engine.   In  Lecture  XXVII.  the  "Galloway" 

N  Boiler  has  been  substituted  for  the  previous  "  Breeches-flued 

Boiler."  In  Appendix  III.  two  of  the  most  recent  and  success- 
ful forms  of   High-speed  Engines  for  the  direct  driving  of 

~*  dynamos,  viz.: — the  "Belliss"  and  the  "Willans  Central  Valve" 

Engines  (and,  in  connection  with  the  latter,  Willans*  ingenious 

\  Centrifugal  Governor)  have    been  illustrated   and   described. 

/  Also,  there  will  be  found  an  account  of  "The  Wayne  Steam 

*  Indicator,"  as  just  brought  out  by  Messrs.  Elliott  Brothers, 

of  London,  for  taking  Steam  and  Gas  Engine  Diagrams  at  very 

v  much  higher  speeds  than  any  other  Indicator  hitherto  designed 

» ■  and  made  for  that  purpose.     All  questions  set  at  the  1893  and 

1894  Advanced  and  Honours  Examinations  of  the  Science  and 

^\  Art  Department  in  "Steam"  have  been  placed  in  Appendix 

(^  I  am  indebted  for  hints  and  assistance  in  the  preparation  of 

v  this  Edition  to  Mr.  Robert  Caird,  of  Greenock,  and  Messrs. 

John  and  Robert  M.  Anderson,  Associates  of  Engineering  in 
the  Glasgow  and  West  of  Scotland  Technical  College ;  and  to 
Mr.  William  Hay  for  plotting  the  Crank  Effort  Curves  from 
the  Indicator  Diagrams. 

ANDREW  JAMIESON. 


The  Glasgow  and  West  of  Scotland 
Technical  College. 
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In  a  leading  article  on  educational  Engineering  Treatises,  which 
appeared  lately  in  a  well-known  journal,*  the  following  remarks, 
amongst  others,  struck  me  as  being  very  suggestive  to  any 
one  engaged  in  the  preparation  of  a  Text-Book  for  Students, 
and  as  well  worthy  of  attention  : — 

"We  are  convinced  that  all  the  instruction  contained  in  a 
great  number  of  the  engineering  books  already  published,  could 
be  printed  much  more  simply  and  concisely,  and  also  much 
more  lucidly,  if  authors  sought  only  to  impart  their  knowledge 
with  the  greatest  brevity,  without  thinking  at  all  of  displaying 
their  own  learning  or  seeking  to  make  a  thick  volume.  .  .  . 
There  is  too  much  paste  and  scissors  work,  too  much  book- 
making  and  padding  nowadays.  ...  A  considerable  number 
of  engineering  books  are  so  learned  as  to  be  quite  over  the 
heads  of  most  students.  Many  more  are  so  verbose,  so  laden 
with  abstruse  formulae,  letters,  and  diagrams,  that  the  solution 
of  the  simplest  question  involves  hours  of  time  that  can  ill  be 
spared  from  other  work.  It  is  no  doubt  true,  that  many 
engineering  questions  demand  elaborate  writing  to  give  a  precise 
answer  with  mathematical  exactness;  but  in  the  majority  of 
engineering  practice,  absolute  exactness  of  such  a  nature  is  not 
necessary,  and  if  a  useful  approximation  will  amply  suffice,  and 
is  readily  obtainable  in  some  simply  written  book,  that  is  the 
one  that  will  be  adopted." 

The  object,  therefore,  aimed  at  in  the  following  pages,  was  the 
production  of  such  a  "  simply  written  book  "  as  should  not  be 
above  the  heads  of  my  readers,  but  should  bring  the  information 
desired,  step  by  step,  within  their  grasp.  Whether  I  have 
succeeded  in  accomplishing  this  object,  is  a  question  which,  of 
course,  must  be  decided  by  those  competent  to  judge. 

I  would  only  add  that  the  work  is  the  result  of  gradually 
improved   lectures  delivered    on    Steam   and   Steam    Engines 

*  The  Engineer,  July  30,  1886. 
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during  the  last  six  years  to  the  students  of  the  Glasgow  College 
of  Science  and  Arts. 

Although  all  the  questions  (elementary,  advanced,  and  hon. 
ours)  that  have  been  set  at  the  Examinations  in  Steam  of  the 
Science  and  Art  Department  for  the  last  ten  years,  as  well  as  most 
of  those  in  the  Steam  Section  of  the  City  and  Guilds  of  London 
Institute's  Examinations  for  Mechanical  Engineering,  besides 
many  others,  have  been  systematically  arranged  at  the  end  of 
the  Lectures  in  accordance  with  their  order  of  treatment,  the 
work  is  not  by  any  means  intended  as  a  mere  cram-book  for 
these  examinations.  It  is  designed  to  be  an  easy  introduction 
to  Professor  Rankine's  well-known  treatise  on  The  Steam  Engine> 
and  to  Mr.  Seaton's  practical  and  highly  appreciated  Manual  of 
Marine  Engineering,  both  issued  by  the  publishers  of  the  present 
volume. 

In  all  new  and  specially  done  cuts  a  uniform  system  of  refer- 
ence letters  has  been  observed  throughout  the  book,  viz.,  the 
use  of  the  first  letter  or  letters  of  the  name  or  names  of  the  parts 
has  been  adopted  to  indicate  the  part,  and,  in  addition  to  a 
general  description  of  the  figures,  an  "index  to  the  parts"  has- 
been  printed  either  immediately  underneath  or  alongside  of  the 
same.  This  system  is  always  insisted  upon  by  me  with  my  own 
students  in  writing  out  their  home  exercises  or  examinations, 
and  I  have  found  that  it  greatly  facilitates  the  reading  of  draw- 
ings, as  well  as  a  quick  understanding  of  the  different  parts  of  a- 
machine. 

In  every  instance  where  matter  has  been  taken  from  other 
books,  the  author's  name  and  the  work  referred  to  have  been 
indicated  in  a  footnote,  and  in  many  cases  where  further  infor- 
mation is  likely  to  be  required  by  honours,  or  advanced 
students,  the  book  or  source  where  it  may  be  obtained  has  been 
mentioned.  In  addition  to  these  notes,  a  selected  list  of  several 
standard  Treatises  and  Papers  on  Steam  and  Steam  Engines  will 
be  found  in  the  Appendix. 

My  cordial  thanks  are  due  to  Mr.  A  0.  Kirk,  M.  Inst.  C.E., 
and  his  assistant,  Mr.  John  H.  Macalpine,  for  valuable  sug- 
gestions in  regard  to  the  treatment  of  various  parts  of  the  first 
half  of  the  book.  Mr.  Brownlee's  appendix  to  Lecture  XIV.,  on 
"  Empirical  Formulae  for  the  Pressure,  Density,  Volume,  and 
Work  of  Steam,"  is  all  the  more  valuable  owing  to  its  not 
having  been  published  before,  and  to  the  fact  that  Professor 
Rankine  based  the  constants  in  several  of  his  well-known  formula 
on  Mr.  Brownlee's  careful  experiments  and  investigations  on  the 
properties  of  steam. 
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I  have  also  to  acknowledge  the  able  assistance  afforded  me 
while  the  work  was  in  progress,  by  the  following  old  students 
of  the  Glasgow  College  of  Science  and  Arts,  viz.,  Messrs. 
H.  Osbourne  Bennie,  Wh.  Sc.,  Stud.  Inst.  C.E.;  James  Welsh; 
Wm.  Borrowman,  Wh.  Sc.;  J.  H.  A.  M'Intyre,  Wh.  Sc.;  and 
Thos.  0.  Fulton. 

Finally,  I  have  to  tender  my  best  thanks  to  all  friends  who, 
by  furnishing  drawings,  <fec.,  have  enabled  me  to  place  before 
students  some  of  the  more  recent  developments  in  engineering 
practice. 

Elementary  or  first-year  students  should  devote  most  of  their 
attention  to  the  history  and  elementary  principles  of  the  Steam 
Engine,  together  with  the  experiments  on  heat  and  steam,  and 
the  action  of  steam  in  the  cylinder,  given  in  the  first  eleven 
lectures.  They  should  also  reproduce  from  memory  neat  free- 
hand sketches  with  reference  letters,  and  descriptions  in  their 
own  words  of  the  general  outline  and  details  of  the  engines 
noticed,  or  of  other  engines  of  a  similar  kind,  which  they  have 
met  with  in  the  workshop ;  and  they  should  work  out  carefully 
and  exactly  all  the  elementary  arithmetical  questions.  They 
may,  therefore,  with  advantage  pass  over  Lecture  XII.,  Zeuner  s 
diagrams  in  Lecture  XIII.,  the  Appendix  to  Lecture  XIV., 
from  compound  engine  diagrams  to  end  of  Lecture  XV.,  Lecture 
XVII.,  the  latter  half  of  Lecture  XXII.,  and  Lecture  XXIV. 
Advanced,  or  second-year  students,  should  study  the  whole  book, 
and  work  out  most  carefully  at  home  all  examples  which  they 
have  not  previously  mastered.  Honours,  or  third-year  students, 
should  revise  the  more  difficult  portions  of  the  book,  work  out 
any  of  the  examples  which  they  before  omitted  to  consider,  and 
refer  to  the  different  treatises  mentioned  in  the  footnotes,  as 
well  as  in  the  Appendix  at  the  end,  for  more  information  on 
the  subject  of  their  study. 

If  any  errors  should  be  observed  by  readers,  or  answers 
obtained  to  unanswered  arithmetical  questions,  I  shall  feel 
much  obliged  for  an  early  note  of  them,  and  I  shall  also  grate- 
fully acknowledge  the  receipt  of  any  suggestions  or  communi- 
cations tending  to  increase  the  usefulness  of  the  work,  as  my 
desire  is,  as  far  as  possible,  to  keep  it  abreast  of  the  times. 

ANDREW  JAMIESON. 

College  or  Science  and  Abts, 
Glasgow,  September,  1886. 
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LECTURE  I. 

Contents.— Early  Forms  of  the  Steam  Engine  :  Hero's,  Savery's,  and 
Newcomen's. 

The  student  will  find  the  history  of  the  rise  and  progress  of  the 
Steam  Engine  both  interesting  and  instructive.  Two  lectures 
will  therefore  be  devoted  to  reviewing,  as  concisely  as  possible, 
the  struggles  of  early  inventors  to  produce  mechanical  work 
from  steam. 

Hero's  Engine. — The  first  application  of  the  elastic  force  of 
steam  of  which  there  is  any  record,  was  by  Hero  of  Alexandria, 
about  130  B.c* 

From  the  following  figure  and  index  of  parts  the  construction 
and  action  will  at  once  be  understood.  The  fire  at,  F,  heats  the 
water  in  the  caldron,  C,  generating  steam;  the  steam  passes  up  by 
the  pipe,  P,  in  the  direction  shown  by  the  arrows  into  the  globe, 
G,  first  expelling  the  air,  and  then  exhausting  by  the  two  nozzles, 
Nj,  Nj.  Owing  to  the  nozzles  being  fixed  in  opposite  directions 
and  at  right  angles  to  the  axis  on  which  the  globe  is  free  to 
rotate,  the  reaction  from  the  steam  on  the  air  produces  a 
"  couple,"  and  thus  turns  the  globe  at  a  very  high  speed,  but 
with  so  little  power  that  a  great  expenditure  of  fuel  would  be 
required  to  develop  even  a  horse-power. 

No  other  notice  of  the  application  of  steam  to  produce  motion 
is  found  until  about  the  year  1563,  when  Mathesius  hints 
at  the  possibility  of  constructing  an  apparatus  similar  in  its 
action  to  that  of  our  modern  steam  engine. t     No  device  of  a 

*  Glass  models,  called  Whirling  OeUpiks,  are'  obtainable  at  any  optician's, 
for  illustrating  the  action  of  Hero's  engine,  on  the  "Barker  mill  principle." 

tFot  complete  descriptions  of  the  attempts  made  by  De  Cans,  1624; 
Giovanni  Branca,  1628;  Marquis  of  Worcester,  1663;  Sir  Samuel  Moreland, 
1682;  Papin,  1685  to  1695,  Ac.,  see  Descriptive  History  of  the  Steam 
Engine,  by  Robert  Stuart,  C.E.,  published  in  1825,  and  dedicated  to 
Dr.  Birkbeck,  "  Patron  of  the  (late)  Glasgow  Mechanics'  Institution,  and 
at  one  time  Professor  of  Natural  Philosophy  in  the  College  founded  by 
Professor  Anderson  in  the  City  of  Glasgow.  Also,  see  a  treatise  by  John 
Farey  on  The  Steam  Engine,  1827  ;  and  Prof.  Thurston's  History  of  the 
Growth  of  the  Steam  Engine,  published  by  C.  Kegan,  Paul  &  Co. 
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LECTURE   I. — DISTORT   OF  THE  STEAM   ENGINE. 


thoroughly  practical  nature  worth  drawing  the  attention  of 
students  to  occurs,  until  Captain  Thomas  Savery  brought  out 
his  patent  steam  engine  for  raising  water  from  mines  in  1G98. 
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Hero's  Engine,  130  b.o. 


F  for  Fire. 

C  „  Caldron,  containing  water. 

P  „  Pipe,  steam  supply. 


G  for  Globe. 
Ni,  N2  „  Nozzles,  steam  exhaust* 


Savory's  Engine. — Steam  from  the  boiler,  B,  is  admitted  to  the 
receiver,  R,  by  opening  the  steam  cock,  S  C.  When  the  receiver 
is  filled  with  steam,  the  cock,  SC,  is  closed,  and  0  J  opened,  which 
allows  a  douche  of  cold  water  to  play  on  the  outside  of  R,  thus 
causing  condensation  and  producing  a  vacuum.  The  atmospheric 
pressure  acting  on  the  mine  water,  at  MW,  forces  water  up 
through  the  suction  valve  (or  cock),  S  V,  nearly  filling  the  re- 
ceiver. 0  J  is  then  closed,  and  SO  opened,  thus  permitting 
the  steam  from  the  boiler  to  force  the  water  now  in  the  receiver 
up  through  the  delivery  valve  (or  cock),  DV,  and  the  discharge 
pipe,  DP,  to  any  convenient  place  clear  of  the  mine. 

In  Savery's  actual  engine  he  adopted  a  complete  duplex  set  of 
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EARLY   FORMS  OF  THE   STEAM   ENGINE.  3 

boilers,  receivers,  and  cocks,  so  that  the  operations  of  filling  one 
receiver  and  emptying  the  other  might  be  conducted  simultane- 
ously.41    He  placed  his  boilers  and  receivers  about  20  feet  above 


^ 


Savsbt's  Engine,  1698. 

F    for  Furnace. 
B      „   Boiler. 
S  P  „  Steam  pipe. 
80  „   Steam  cock. 
R     „   Receiver. 


M  W  for  Mine  water. 
S  V      ,,  Suction  valve. 
DV      „  Delivery  valve. 
CJ      „   Condensing  jet. 
DP      „   Discharge  pipe. 


tne  bottom  of  the  mine  water,  or  well,  and  the  height  of  the 
overflow  from  the  discharge  pipe  about  30  feet  above  the  receiver. 
The  efficiency  of  a  Savery  engine,  as  measured  by  the  weight  of 
coal  consumed,  was  tested  by  Smeaton,  in  1774,  and  found  to  be 
about  ^  of  what  can  now  be  realised  by  a  modern  pumping- 
engine.  The  loss  of  heat-energy,  due  to  the  alternate  heating 
and  cooling  of  the  receiver,  added  to  the  condensation  of  the 
steam  upon  coming  into  direct  contact  with  the  water  when 
forcing  the  latter  out  of  the  receiver,  combined  with  the  impossi- 

*  Desagulier,  in  1716,  improved  upon  Savery's  engine  by  introducing  a 
two-way  cock  between  the  boiler,  the  receiver,  and  the  cold  water  injec- 
tion, and  introduced  an  inside  rose  injection  for  condensing  the  steam  in 
the  receiver.    See  Stuart  on  The  Steam  Engine,  1826,  Fig.  20. 
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4  LECTURE  I.— HISTORY   OF  THE  STEAM   BEGINS. 

>biKty  of  placing  the  receiver  much  more  than  20  feet  above  the 
fattom  of  the  mine,*  and  the  inability  of  engineers  in  those  days 
<to  construct  boilers  of  sufficient  strength  to  withstand  a  steam 
pressure  more  than  15  lbs.  on  the  square  inch,t  prevented  the 
•adoption  of  Savery's  engine  in  most  mines. 

Newcomen's  Atmospheric  Engine. — In  1705  Thomas  Newcomen, 
.a  blacksmith,  associated  with  Savery  and  John  Oawley,  a  glazier, 
made  the  experiment  of  introducing  steam  under  a  piston 
moving  in  a  cylinder.  They  formed  a  vacuum  by  condensing  the 
steam  by  an  affusion  of  cold  water  on  the  outside  of  the  steam 
vessel ;  and  the  weight  of  the  atmosphere  pressed  the  piston  to 
-the  bottom  of  the  cylinder.  This  was  the  first  form  of  atmo- 
-spheric  engine — the  simplest  and  most  powerful  machine  that  had 
hitherto  been  constructed.  After  a  great  many  laborious  attempts 
-at  Wolverhampton  to  make  one  of  their  engines  work  satisfac- 
torily, they  were  one  day  (in  March,  1712)  surprised  "to  see  the 
•engine  go  several  strokes,  and  very  quick  together,  when,  after  a 
: search,  they  found  a  hole  in  the  piston,  which  let  the  cold  water 
in  to  condense  the  steam  in  the  inside  of  the  cylinder,  whereas 
before  they  had  always  done  it  on  the  outside. "  This  fortunate 
•observation  gave  rise  to  the  improvement  of  condensing  by 
injection,  which  thus  rendered  the  cold  water  jacket  of  their 
steam  cylinder  unnecessary,  and  they  thereafter  manufactured 
-their  engines  in  the  form  shown  in  the  following  figure. 

The  mine  pumps,  M P,  weighted  pump-rod,  WPR,  and  lift 
3>ump,  L  P,  on  the  one  side  of  the  wooden  beam,  W  B,  being 
neavier  than  the  piBton,  P,  and  piston  rod,  P  It,  always  brought 
Xhe  piston  to  the  top  of  the  cylinder,  0 ;  consequently,  to  start 
-the  engine,  the  steam  valve,  S  V,  was  opened,  in  order  to  expel 
the  air  by  the  relief  or  snifting  valve,  RV,{  and  to  fill  the 
whole  cylinder  with  steam.  The  steam  valve  was  now  closed, 
and  the  injection  cock,  1 0,  opened,  which  caused  a  spray  of  cold 
water  from  the  cold  water  tank,  0  W  T,  to  enter  the  cylinder  and 
■condense  the  steam.  The  vacuum  produced  brought  the  pressure 
•of  the  atmosphere  into  play  on  the  top  side  of  the  piston, 
-causing  it  to  descend  to  the  bottom  of  the  cylinder,  thus  actu- 
ating the  pumps  at  the  other  end  of  the  beam.  The  condensed 
steam  and  injection  water  got  clear  away  from  the  bottom  of  the 

*  With  even  a  perfect  vacuum  in  the  receiver,  the  atmospheric  pressure, 
which  is  usually  about  15  lbs.  on  the  square  inch,  could  only  force  water  up 
into  it  from  a  depth  of  34  feet 

+  Savery  said,  "  If  I  could  only  get  boilers  and  pipes  of  sufficient  strength, 
I  could  force  water  up  to  a  height  of  1,000  feet." 

J  This  valve  was  called  the  mifting  valve  by  Newcomen,  because  the  air 
makes  a  noise  every  time  it  blows  through  it. 
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cylinder  by  the  eduction  pipe,  EP,  to  the  feed  water  tank, 
FWT;  the  water  from  this  tank  being  used  to  fill  the  boiler, 


Newcomen's  Engine,  1712. 


P 

B 

GP 

SV 
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PR 
WB 


for  Furnace, 
,,  Boiler. 
„   Gauge  pipes. 
„   Steam  valve. 
„   Cylinder. 
,,   Piston. 
„   Piston  rod. 
Wooden  beam. 


WPR„  Weighted  pump-rod. 


M  P     for  Mine  pomp. 

LP       ,,  Lift  pump. 

C  W  T  , ,  Cold  water  tank. 

WT      „  Water  tap  to  top  of  piston. 

IC        ,,  Injection  cock. 

R  V      ,,  Relief  or  snifting  valve. 

EP       „  Eduction  pipe. 

FWT„  Feed  water  tank. 


and  the  height  of  the  water  in  the  boiler  was  ascertained  by 
the  gauge  pipes,  G  P. 
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At  first  (in  1712)  the  valves  were  opened  and  shut  by  hand. 
To  perform  these  operations  at  the  precise  moment,  required 
the  most  exact  and  unremitting  attention  on  the  part  of  the 
attendant,  as  the  least  neglect  or  inadvertence  might  be  ruinous 
to  the  engine,  by  beating  out  the  bottom  of  the  cylinder,  or 
allowing  the  piston  to  be  drawn  out  of  it.  Stops  were  contrived 
to  prevent  both  of  these  accidents;  then  strings  were  used  to 
connect  the  handles  of  the  cocks  and  valves  with  the  beam, 
and  finally  a  Mr.  Beighton,  in  1718,  simplified  the  whole  of 
these  movements  by  causing  them  to  be  automatically  opened 
and  shut  at  the  proper  moment  by  means  of  a  "tappet  rod" 
connected  with  the  beam.  He  also  introduced  the  lever  safety 
valve  to  the  boiler. 

Another  difficulty  which  at  first  severely  taxed  the  ingenuity 
of  the  inventors  was  the  sudden  upheaving  of  the  cylinder, 
at  the  moment  of  creating  the  vacuum,  which  caused  such  a 
jolt  and  stress  on  the  pipes  connecting  the  cylinder  and  the 
boiler,  as  to  keep  them  in  a  chronic  state  of  leakage.  It  will 
be  observed  that  at  the  instant  the  vacuum  is  produced,  the 
piston  is  pressed  downwards  by  the  atmospheric  pressure,  but 
at  the  same  time  the  cylinder  is  equally  pressed  upwards,  so 
that  it  required  to  be  very  heavy  or  very  securely  fastened  down, 
to  prevent  it  rising;  since  no  downward  motion  of  the  piston 
can  take  place  until  the  inertia  of  the  whole  moving  mass  of 
beam,  pump-rods,  dec.,  has  been  overcome.  This  difficulty  was  in 
a  measure  mastered  by  bolting  the  cylinder  firmly  down  to  strong 
beams,  and  keeping  it  separate  from  the  boiler. 
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Smkaton's  Piston. 


PR  for  Piston  rod. 
ID     „   Iron  dish. 
WD„  Wooden  dish. 


BB     for  Bolts. 

WIR„  Wrought  iron  ring  shrunk 
on  like  a  cart-wheel  tyre. 


Newoomen's  piston,  which  consisted  of  a  flat  plate  with  a 
broad  piece  of  leather  screwed  to  it  and  turned  up  the  sides  of 
the  cylinder  two  or  three  inches,  gave  considerable  trouble, 
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owing  to  leakage  and  the  cutting  of  the  leather.  An  improved 
form  of  piston  (see  preceding  figure)  was  afterwards  introduced 
by  Smeaton.* 

•For  Smeaton's  improvement!,  see  Thurston's  Hvttory  of  the  Steam 
Engine;  also,  see  articles  in   The  Engineer,  beginning  June  6th,   1879, 

k403.  For  a  diagram  of  a  Newcomen  engine  from  an  old  plate,  see 
t  Engineer,  November  28th,  1879,  p.  400,  and  for  a  fine  diagram  of  an 
elaborate  Newcomen  engine,  only  token  down  in  1880,  see  the  same  paper, 
January  30th,  1880,  p.  84. 


Lecture  I. — Questions. 

1.  Give  a  free-hand  sketch  of  Savery's  engine,  with  index  of  parts. 
Describe  its  action  in  your  own  words.  State  clearly  how  it  was  so 
wasteful  of  fuel,  and  what  limited  its  application  to  deep  mines. 

2.  Suppose  the  water  in  a  mine  to  be  25  feet  below  the  point  to  which 
it  rose  in  Savery's  receiver,  and  the  top  of  the  discharge  pipe  30  feet  above 
the  bottom  of  the  receiver,  what  vacuum  and  pressure  of  steam  in  pounds 
per  square  inch  would  be  necessary  to  work  the  engine?  Ans,  11  lbs., 
and  13-2  lbs. 

3.  Give  a  free-hand  sketch  with  index  of  Newcomen's  engine.  Describe 
in  your  own  words  its  action,  and  how  you  would  start  it. 

4.  Suppose  the  diameter  of  a  Newcomen's  engine  cylinder  to  be  30  inches, 
the  stroke  5  feet,  the  effective  pressure  per  square  inch  due  to  the  vacuum, 
10  lbs.,  and  15  up  and  down  strokes  to  be  made  per  minute,  how  many 
pounds  of  water  would  it  lift  per  minute  to  a  height  of  100  feet,  neglecting 
all  losses  due  to  friction.  Ac?    Ans.  5301 '5  lbs, 
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LECTURE  IL 

Content*.— Watt's  Model  of  Newoomen's  Engine  in  Glasgow  University— 
Watt's  Single  and  Double  Acting  Engines  — Horablower's  Engine — 
List  of  Steam  Engine  Patents  to  1805. 

Up  to  the  period  when  Smeaton  perfected  the  atmospheric 
engine,  the  progress  of  the  "fire  engine,"  as  the  steam  engine 
was  then  called,  had  been  merely  empirical;  and  in  everything 
that  depended  on  principle,  the  steam  engine  of  that  period 
was  a  most  rude,  wasteful,  and  inefficient  machine.  Then  came 
the  time  when  science  was  to  effect  more  in  a  few  years  than 
mere  empirical  progress  had  done  in  nineteen  centuries.  In 
1759,  James  Watt  had  his  attention  directed  by  Robison  to 
the  subject  of  the  steam  engine,  and  for  a  few  years  afterwards 
made  various  experiments  on  the  properties  of  steam.  In  1763 
and  1764,  Watt,  while  engaged  in  the  repair  of  a  small  model 
of  Newoomen's  engine  (belonging  to  the  University  of  Glasgow, 
and  since  preserved  by  that  University  as  the  most  precious 
of  relics),  perceived  the  various  defects  of  that  machine,  and 
ascertained  by  experiment  their  causes. 

Watt  set  to  work  scientifically  from  the  first.  He  studied 
the  laws  of  the  pressure  of  elastic  fluids,  and  of  the  evaporating 
action  of  heat,  so  far  as  they  were  known  in  his  time;  he 
ascertained  as  accurately  as  he  could,  with  the  means  of  ex- 
perimenting at  his  disposal,  the  expenditure  of  fuel  in  evapora- 
ting a  given  quantity  of  water,  and  the  relations  between  the 
temperature,  pressure,  and  volume  of  the  steam.  Then,  reasoning 
from  the  data  which  he  had  thus  obtained,  he  framed  a  body  of 
principles  expressing  the  conditions  of  the  efficient  and  economic 
working  of  the  steam  engine,  which  are  embodied  in  an  invention 
described  by  himself  in  the  following  words,  in  the  specification 
of  his  patent  of  1769 :— * 

"  My  method  of  lessening  the  consumption  of  steam,  and 
consequently  fuel,  in  fire  engines,  consists  of  the  following 
principles : — 

"  First  That  vessel  in  which  the  powers  of  steam  are  to  be 
employed  to  work  the  engine,  which  is  called  the  cylinder  in 

*  Extract  from  The  Steam  Engine  and  other  Prime  Movers,  by  Prof.  Rankin©. 
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WATT'S  MODEL   OF  NEWCOMERS  UGIHE. 


Watt's  Model  m  Glasgow  University. 
]T,  for  Furnace;    B,  Boiler,  O,  Cylinder;  PR,  Fieton  rod;  WB,  Wooden  beam;  MP,  Mine** 
pcuup;  TB,  Tappet  rod;  OWT,  Cold-water  tank;  WT,  Water  tap  for  keeping  piston- 
tight;  BP,  Exhaust  pipe. 

Kool— In  working  to  repair  the  model  here  represented,  James  Watt,  in  1765,  made  the 
discovery  of  a  separate  condenser,  which  baa  identified  his  name  with  the  Steam- 
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10  LECTURE   II. — HISTORY  OF  THE  STEAM   ENGINE. 

common  fire  engines,  and  which  I  call  the  steam  vessel,  must, 
during  the  whole  time  the  engine  is  at  work,  be  kept  as  hot 
as  the  steam  that  enters  it;  first,  by  enclosing  it  in  a  case  of 
wood,  or  any  other  materials  that  transmit  heat  slowly ;  secondly, 
by  surrounding  it  with  steam  or  other  heated  bodies;  and 
thirdly,  by  suffering  neither  water  nor  any  other  substance 
colder  than  the  steam  to  enter  or  touch  it  during  that  time. 

"  Secondly.  In  engines  that  are  to  be  worked  wholly  or  partially 
by  condensation  of  steam,  the  steam  is  to  be  condensed  in  vessels 
distinct  from  the  steam  vessels  or  cylinders,  although  occasionally 
communicating  with  them;  these  vessels  I  call  condensers;  and, 
while  the  engines  are  working,  these  condensers  ought  at  least 
to  be  kept  as  cold  as  the  air  in  the  neighbourhood  of  the  engines, 
by  application  of  water,  or  other  cold  bodies. 

"  Thirdly.  Whatever  air  or  other  elastic  vapour  is  not  con- 
densed by  the  cold  of  the  condenser,  and  may  impede  the 
working  of  the  engine,  is  to  be  drawn  out  of  the  steam  vessels 
or  condensers  by  means  of  pumps,  wrought  by  the  engines 
themselves,  or  otherwise. 

"  Fourthly.  I  intend,  in  many  cases,  to  employ  the  expansive 
force  of  steam  to  press  on  the  pistons,  or  whatever  may  be  used 
instead  of  them,  in  the  same  manner  in  which  the  pressure  of 
the  atmosphere  is  now  employed  in  common  fire  engines.  In 
cases  where  cold  water  cannot  be  had  in  plenty,  the  engines  may 
be  wrought  by  this  force  of  steam  only,  by  discharging  the  steam 
into  the  air  after  it  has  done  its  office. 

"Lastly.  Instead  of  using  water  to  render  the  pistons  and 
other  parts  of  the  engines  air  and  steam  tight,  I  employ  oils, 
wax,  resinous  bodies,  fat  of  animals,  quicksilver,  and  other 
metals  in  their  fluid  state." 

To  start  Watt's  Single-acting  Engine : 

First.  Blow  through,  by  opening  all  the  valves,  Vv  Y9  V8. 
This  allows  the  steam  from  the  boiler  to  expel  the  air  from 
the  cylinder,  steam  passages,  and  condenser. 

Second.  Shut  valve,  V2,  and  open  injection  cock,  10.  This 
creates  a  vacuum  below  the  piston,  and  at  the  same  time  brings 
into  play  the  steam  pressure  above  it,  causing  the  piston  to 
descend. 

Third.  Close  valves  Vx  and  V^,  and  open  VT  This  allows  the 
steam  which  forced  down  the  piston  to  find  its  way  below  it, 
and  thus  to  create  an  equal  pressure  on  each  side  of  it,  when 
the  weight  of  the  pump-rods,  acting  on  the  other  end  of  the 
beam,  brings  the  piston  to  the  top  of  the  cylinder. 

These  second  and  third  operations  are  repeated  automatically 
by  the  tappet  rod  when  the  engine  has  been  fairly  started. 
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Watt's  Single-acting  Engine. 
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FWP 

GP 
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CC 
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PR 


for  Furnace. 
„  Damper. 
„  Boiler. 

Feed  water  pipe. 

Gauge  pipes. 

Steam  pipe. 

Steam  valve. 

Equilibrium  valve. 

Exhaust  „ 

Cylinder. 

Steam  jacket. 

Cylinder  cover. 

Gland  and  stuffing  box. 

Piston. 

Piston  rod. 


WB 

A 

WPR 

EP 

JC 

IC 

CWP 

AP 

SV 

FV 

DV 

HW 

FP 

SW 


for  Wooden  beam. 

,,   Axis. 

„  Weighted  pump-rod  down 

to  bottom  of  mine. 
„   Exhaust  pipe. 
„  Jet  condenser. 

Injection  cock. 

Cold-water  pump. 

Air  pump. 

Sniftins  valve. 

Foot  valve. 

Delivery  valve. 

Hot  welL 

Feed  pump. 
>rL 


Stone  work 
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12  LECTURE  IL — HISTORY  OP  THE  STEAM   ENGINE. 

The  following  is  an  abbreviated  List  of  Improvements 
effected  bt  watt  on  slngle-acting  engines. 

1.  Steam  jacket  to  keep  cylinder  warm. 

2.  Separate  condenser. 

3.  Air  pump  to  draw  off  air  and  condensed  steam. 

4.  Expansive  working  of  steam  in  the  cylinder. 

5.  Improved  piston,  cylinder  cover,  gland,  and  stuffing  box. 

6.  Cataract  or  hydraulic  governor  for  regulating  the  speed. 
By  these  several  improvements,  Watt  reduced  the  amount  of 

fuel  required  to  produce  a  certain  power  to  about  one-third  of 
that  required  in  Newcomen's  engine.  So  fully  was  this  recog- 
nised, that  Watt,  in  granting  licenses  to  use  his  engines,  received 
a  third  part  of  the  saving  of  coals  which  was  made  by  his  engines, 
when  compared  with  an  atmospheric  engine,  doing  the  same 
work  with  coals  of  the  same  quality. 

Watt's  Cataract  Governor. —The  cataract  governor  was  in- 
vented by  Watt,  to  regulate  the  speed  of  his  single-acting 
pumping  engines,  and  is  so  simple  that  the  student  may  readily 
understand  it  without  the  aid  of  a  diagram.*  This  governor 
consisted  of  a  pump  placed  in  a  tank  of  water  below  the 
level  of  the  cylinder,  and  the  plunger  of  this  pump  was 
attached  to  a  long  lever.  This  lever  was  loaded  with  a  heavy 
weight  on  the  same  side  of  the  fulcrum  as  the  plunger,  and  the 
lever  projected  out  on  the  other  side  of  the  fulcrum.  The  tappet 
rod,  which  was  worked  off  the  main  beam,  engaged  with  the 
projecting  end  of  this  lever  when  the  piston  of  the  engine  was 
travelling  downwards,  and  therefore  raised  the  plunger  of  the 
pump.  When  the  piston  of  the  engine  began  to  rise  again  (due 
to  the  opening  of  the  equilibrium  valve  by  the  tappet  rod),  the 
heavy  weight  on  the  same  end  of  the  cataract  lever  as  the  plunger 
caused  the  latter  to  descend  and  to  force  out  the  water  which 
it  had  drawn  in  during  its  up-stroke.  The  water  was  forced 
out  through  a  small  cock,  and  the  time  occupied  by  the  pump 
plunger  in  its  descent  depended  upon  the  amount  of  opening 
given  to  this  cock,  which  could  be  regulated  by  the  attendant. 
Since  the  opening  of  the  steam  valve  of  the  engine,  which 
caused  the  down-stroke  of  the  piston,  was  effected  by  a  rod  from 
the  cataract  pump  lever,  the  down-stroke  of  the  engine  could  not 
take  place  until  the  pump  plunger  had  descended  sufficiently 
to  open  the  steam  valve.  It  will  therefore  be  apparent  that  by 
regulating  the  amount  of  opening  of  the  discharge  cock,  the 
pump  plunger  could  be  made  to  descend  with   any   required 

*  Large  wall  diagrams  illustrating  clearly  Watt's  cataract  governor  may 
be  had  from  the  Science  and  Art  Department.  It  is  shown  at,  P,  in  the 
following  figure. 
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speed,  and  thus  the  steam  valve  of  the  engine  opened   any 
required  number  of  times  per  minute. 

The  following  diagram  illustrates  an  improved  form  of  Watt's 
single-acting  pumping  engine,  and  the  cataract  governor 


Tupunvgn  Form  of  Watt's  Single- acting  Pumping  Engine. 

Hon.— The  student  should  make  a  free-hand  sketch  of  the  above  flgare  and  write  ent  an 
Index  of  parte,  wing  the  first  letter  of  the  names  of  the  parte. 
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14  LECTURE  II.—  HISTORY   OF  THE   STEAM   ENGINE. 

Watt's  Double-acting  Engine —Hitherto  Watt  had  only  in- 
troduced steam  acting  against  a  piston  to  press  it  downwards, 
thus  losing  time  and  the  opportunity  of  taking  advantage  of 
the  pressure  of  the  steam  in  the  up-stroke  to  increase  the  power. 
In  1782,  however,  after  he  had  removed  from  Glasgow  to 
Birmingham,  and  there  joined  in  partnership  with  Mr.  Boulton, 
he  took  out  a  patent  for  a  "  double-acting  engine."  This  engine 
was  freed  from  the  enormous  dead  weight  of  counterpoises, 
which  had  hung  on  it  from  the  first  attempts  of  Newcomen, 
for  the  purpose  of  equalising  the  motion  and  producing  the 
up-stroke. 

Watt  says: — "My  second  improvement  upon  steam  or  fire 
engines,  consists  in  employing  the  elastic  power  of  the  steam 
to  force  the  piston  upwards,  and  also  to  press  it  downwards 
alternately,  by  making  a  vacuum  above  or  below  the  piston 
respectively,  and,  at  the  same  time,  employing  the  steam  to  act 
upon  the  piston  in  that  end,  or  exerted  upon  the  piston  only  in 
one  direction,  whether  upwards  or  downwards."  His  1782 
patent  engine  was  considerably  improved  by  his  patent  of  1784, 
of  which  we  now  give  a  drawing  and  description. 

To  start  Watt's  Double-acting  Engine  : — 

First.  Blow  through,  by  opening  all  the  valves,  Vlf  Vj,  V8,  "V\. 

Second.  If  the  piston  is  at  top  of  cylinder,  shut  valves,  vs 
and  Vs,  and  open  injection  cock,  1 0.  This  creates  a  vacuum 
underneath  the  piston,  and  at  the  same  time  brings  into  play 
the  steam  pressure  above  it,  causing  the  piston  to  descend. 

Third.  When  the  piston  has  reached  the  end  of  its  stroke, 
shut  valves  Vv  V4,  and  open  VT  V«.  This  permits  the  steam 
to  exhaust  from  the  top  of  piston  direct  to  the  condenser,  and 
at  the  same  time  admits  steam  from  the  boiler  underneath  it, 
causing  the  piston  to  ascend. 

These  second  and  third  operations  are  repeated  automatically 
by  means  of  the  plug  rod  and  tappets. 
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Watt's  Double-acting  Engine,  1784. 
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TR 
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SJ 
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for  Steam  pipe. 
„  Throttle  valve. 
„  Governor, 

,,  Steam  valves  connected 
bv  a  pipe.* 

Exhaust  valves  also  con- 
nected by  a  pipe. 

Tappet  (or  plug)  rod. 

Cylinder. 

Steam  jacket. 

Exhaust  pipe. 

Jet  condenser  (separate). 

Injection  cock. 


H  for  Handle. 

A  P  „  Air  pump. 

HW  „  Hot  well. 

FP  „  Feedpump. 

CWP  „  Cold-water  pump. 

P  „  Piston. 

PR  „  Piston  rod. 

PM  ,,  Parallel  motion. 

MB  ,,  Metal  beam. 

CR  „  Connecting  rod. 

S  &  P  M  ,,  Sun  and  planet  motion. 

MS  „  Main  shaft. 

FW  „  Fly-wheeL 


*  In  the  drawing  the  steam  pipes  connecting  valves,  V]  and  Vs,  and  the 
exhaust  valves,  \f  and  V4,  cannot  be  fully  shown,  but  it  will  form  a 
useful  exercise  for  the  student  to  make  a  section  at  right  angles  to  the 
figure  through  these  valves,  including  all  the  necessary  pipes. 
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List  of  Improvements  introduced  ob  Patented  by  Watt 
since  the  Intention  of  his  "Single-acting  Engine." 

1.  Applying  steam  on  both  sides  of  the  piston. 

2.  Parallel  motion  to  guide  the  piston  rod  in  a  straight  line. 

3.  Metal  beam  instead  of  the  large  clumsy  wooden  one. 

4.  Sun  and  planet  motion  to  convert  reciprocating  rectilineal 
to  rotative  motion.* 

5.  Governor  to  regulate  the  speed  of  his  rotative  engines 
(see  index  at  end  for  Governors). 

6.  Indicator  to  ascertain  the  pressure  of  steam  in  the  cylinder 
(see  index  at  end  for  Watt's  Indicator). 

*  There  can  be  no  doubt  that  Watt  first  thought  of  applying  the  crank 
to  convert  the  reciprocating  motion  of  the  piston  into  a  rotative  one,  but, 
having  neglected  to  take  out  a  patent,  the  invention  was  communicated 
by  a  workman  to  the  engineer  erecting  an  engine  for  a  Mr.  Matthew 
Washbrough,  of  Bristol,  who  patented  the  application.  The  following  is 
Watt's  own  narrative  on  this  subject : — "Among  the  many  schemes  which 
passed  through  my  mind,  none  appeared  so  likely  to  answer  the  purpose 
as  the  application  of  a  crank  in  the  manner  of  a  common  turning-lathe 
(an  invention  of  great  merit,  of  which  the  humble  inventor  and  even  its  era 
are  unknown);  but,  as  the  rotative  motion  is  produced  in  that  machine 
by  the  impulse  given  to  the  crank  in  the  descent  of  the  foot  only,  and  is 
continued  in  its  ascent  by  the  momentum  of  the  wheel,  which  here  acts  as 
a  fly ;  and,  being  unwilling  to  load  my  engine  with  a  fly  heavy  enough  to 
continue  the  motion  during  the  ascent  of  the  piston  (and  even  were  a 
counterweight  employed  to  act,  during  that  ascent,  on  a  fly  heavy  enough 
to  equalise  the  motion),  I  proposed  to  employ  two  engines,  acting  upon 
two  cranks,  fixed  on  the  same  axis,  at  an  angle  of  120°  to  one  another, 
and  a  weight  placed  on  the  circumference  of  the  fly  at  the  same  angle  to 
each  of  the  cranks,  by  which  means  a  motion  might  be  rendered  nearly 
equal,  and  a  very  light  fly  would  only  be  requisite." 

It  is  evident  Watt  did  not  then  appreciate  the  advantage  of  a  heavy  fly- 
wheel to  equalise  motion.  The  application  of  a  fly-wheel  to  equalise  the 
motion  of  tne  piston  was  first  suggested  by  Fitaerald  before  1772.  Watt, 
on  being  informed  that  his  idea  of  applying  the  crank  to  steam  engines 
had  been  patented  by  another,  said — "In  these  circumstances  I  thought  it 
better  to  accomplish  the  same  end  by  other  means,  than  to  enter  into  litigation, 
and,  by  demolishing  the  patent,  to  lay  the  matter  open  to  everybody. 

In  order  to  obtain  a  rotative  motion  from  a  rectilineal  one,  by  some 
other  means  than  the  crank,  Watt  introduced  what  is  now  called  the 
"sun  and  planet*1  wheels,  for  which  he  claimed  several  advantages  over 
the  crank,  such  as  more  rapid  velocity  of  the  fly-wheel,  the  fly-wheel  thus 
being  made  to  revolve  with  double  the  speed  that  it  would  in  the  case  of 
the  crank.  It  is,  however,  not  so  simple,  while  its  construction  makes  it 
more  expensive,  and  it  is  easily  put  out  of  order ;  it  has  now  universally 
given  place  to  the  crank.  There  is  a  very  unique  old  working  model  of 
this  " sun  and  planet"  motion,  as  applied  to  one  of  Watt's  single-acting 
engines,  and  probably  made  in  the  end  of  last  century,  now  in  the  College 
of  Science  and  Arts,  Glasgow. 
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LECTURE  II. — HISTORY   OF  THE  STEAM   ENGINE. 


7.  Counter  for  recording  the  number  of  strokes  of  the  engine. 

8.  Mercury  U-tube  gauges  to  ascertain  the  pressure  of  steam 
in  the  boiler  as  well  as  the  vacuum  in  the  condenser. 

An  improved  form  of  Watt's  double-acting  rotatory  engine 
is  shown  in  the  preceding  illustration;  students  should  compare 
this  with  Watt's  engine,  shown  on  page  13. 

Hornblower's  Engine. — Professor  Goodeve  says: — "There  can 
be  no  question  as  to  the  fact  that  Watt  invented  the  expansive 
working  of  steam,  but,  technically,  he  does  not  stand  first 
in  the  records  of  the  Patent  Office,  for  he  was  anticipated 
by  a  patent  of  Hornblower  for  a  single-acting  pumping  engine, 
which  dates  from  the  year  1781." 

Hornblower,  in  his  specification,  says — 1.  "  I  use  two  vessels, 
in  which  the  steam  is  to  act,  and  which  in  other  steam  engines 
are  generally  called  cylinders. 

2.  "  I  employ  the  steam  after  it  has  acted  in  the  first  vessel, 
to  operate  a  second  time  in  the  other,  by  permitting  it  to  expand 


Hornblowkb's  Compound  Enoinx,  1781.* 


8  P     for  Steam  pipe  from  boiler. 
H  P  C  „  High-pressure  cylinder. 
LPC  „  Low-        ,, 
EP      „  Exhaust  pipe  to  condenser. 


Vi,  Vs  for  Steam  cocks  or  valves. 
vii  v4  it   Equilibrium        „ 
V5         „  Exhaust  „ 


*  The  drawing  is  taken  from  Stuart's  Descriptive  History  qf  the  Steam 
Engine,  printed  1825. 
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itself,  which  I  do  by  connecting  the  vessels  together,  and  forming 
proper  channels  and  apertures,  whereby  the  steam  shall  occa- 
sionally go  in  and  out  of  the  said  vessels. 

3.  "  I  condense  the  steam  by  causing  it  to  pass  in  contact  with 
metallic  surfaces,  while  the  water  is  applied  to  the  opposite 
side." 

To  start  Hornblower's  Engine : — 

First.  Blow  through  (to  clear  all  air  and  gases  out  of  the 
cylinders  and  condenser),  by  opening  all  the  steam  and  exhaust 
valves. 

Second.  Shut  valves  V2  and  V^,  and  turn  on  the  cold  water 
to  surface  condenser.  This  creates  a  vacuum  on  the  lower  side 
of  low-pressure  piston,  and  permits  the  live  steam  from  boiler  to 
press  on  high-pressure  piston,  and  at  the  same  time  the  steam 
from  below  that  piston  to  act  on  the  low-pressure  piston. 

Third.  Shut  valves  Vlf  V3,  V6,  and  open  V^  V4.  This 
allows  the  steam  which  pressed  on  the  top  of  each  piston  to 
flow  underneath  them,  and  thus  to  create  equilibrium  when  the 
weighted  pump-rods  pull  them  to  the  top  again,  ready  for  another 
6tart  downwards. 

It  will  be  quite  apparent  to  students  of  the  present  day,  that 
Hornblower  had  actually  devised  not  only  the  compound  engine, 
but  also  the  surface  condenser  (although  his  engine  was  but  a 
single-acting  one).  He  erected  several  engines  on  his  plan,  and, 
probably,  the  reason  why  they  did  not  prove  more  economical 
than  Watt's  single-acting  engines,  was  that  the  pressure  of 
steam  which  could  be  generated  in  the  boilers  then  constructed 
was  too  low.  He  applied  to  Parliament,  in  1792,  for  an  exten- 
sion of  his  patent,  but  was  refused;  and  it  is  curious  to  note  the 
severe  criticism  of  early  writers  on  his  invention,  the  principle 
of  which  is  nowadays  so  fully  recognised.* 

The  further  improvements  on  the  steam  engine  by  Trevithick, 
Woolfe,  M'Naughton,  and  others,  will  be  noticed  within  proper 
place,  in  connection  with  locomotive  and  marine  engines. 

In  order  to  complete  this  Early  History  of  the  Rise  and 
Progress  of  the  Steam  Engine,  we  here  give  a  list  of  a  few  of 
the  more  important  English  patents  up  to  the  beginning  of  this 
century. 

*  Stuart,  in  1825,  writes— *•  It  must  always  be  a  subject  of  regret,  that 
this  ingenious  man  should  have  wasted  the  best  part  of  his  life,  and  ruined 
his  fortune  in  a  series  of  selfish  attempts  to  copy  Mr.  Watt's  inventions, 
without  coming  within  the  letter  of  his  patent.1' 

*  See  The  Engineer,  January  2b,  168 i,  p.  70,  for  a  letter  discussing  the 
above.  3 
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LECTURE  II. — HISTORY   OF  THE  STEAM   ENGINE. 


Chronological  List  of  Early  Patents. 

For  Improvements  on  the  Steam  Engine,  and/or  Saving  Fuel  by  the 
Construction  of  the  Fire-Place  and  Boiler. 

for  regulating  motion  —  Double 
impulse  engine — Two  cylinders  — 
Toothed  rack  and  sector  to  piston 
rod  and  beam— Semi-rotative  en- 
gine—Steam wheel. 

1784. 


Thomas  Savery,  London. 
liaising  water  by  the  elasticity  of 
steam — Forming  vacuum  by  con- 
densing steam,  to  raise  water  by 
pressure  of  atmosphere. 

1705. 

Thomas  Newoomen,  John  Cawlet, 
Dartmouth,  and  Thomas 
Saveky,  London. 
Condensing    the    steam    introduced 
under  a  piston,  and   producing  a 
reciprocating  motion  by  attaching 
it  to  a  lever. 

1769. 
James  Watt,  Glasgow. 
Invention  of  the  condenser— Use  of 
oil  and  tallow  instead  of  water — 
Enclosing  cylinder  in  steam  jacket 
— Moving  piston  by  steam  against 
a  vacuum — Steam  wheel. 

1778. 

Matthew  Washbrough,  Bristol. 

Rotative  from  rectilineal  motion. 

1781. 

John  Steed,  Lancashire. 

Crank  movement. 

Jonathan  Hornblower,  Venryn. 
Two  cylinders. 

1782. 

James  Watt,  Birmingham. 

Eapansive  engine — Six  contrivances 


James  Watt,  Birmingham. 
Rotative  engine— Three  parallel  mo- 
tions—Portable steam  engine,  and 
machinery  for  moving  wheel  car- 
riages—Mode of  working  hammers 
and  stampers  —  Improved  hand 
gear— Mode  of  opening  valves. 

1785. 
James  Watt,  Birmingham. 
Furnace  for  consuming  smoke 

1798. 

Jonathan  Hornblower,  Penryn. 

Rotative  engine. 

1802. 

Richard  Trevithick   and  Alex- 
ander  Vivian,  Cornwall. 

High-pressure  engine. 

1804. 

Arthur  Woolfe,  London. 

Two    cylinders  and  high -pressure 

steam  boiler. 

1805. 

James  M'Naughton,  London. 

Saving  fuel. 
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Lecture  II.— Questions. 
All  sketcJies  to  be  done  fret-hamL 

1.  Make  an  outline  sketch  of  the  cylinder,  piston,  and  valves  connected 
therewith,  in  Newcomen's  engine ;  and  by  the  side  of  it  make  a  second 
drawing  of  the  cylinder,  piston,  and  valves,  as  altered  by  Watt.  State 
briefly  the  natnre  of  these  alterations,  and  mention  the  additional  parts 
necessary  for  the  working  of  Watt's  engine,  but  not  shown  in  your  drawing. 

2.  Explain,  with  a  sketch,  Watt's  invention  of  a  separate  condenser  and 
air  pump,  as  applied  to  a  single-acting  steam  engine.  State  the  several 
improvements  effected  by  Watt  on  Newcomen's  engine. 

3.  What  is  the  principle  of  the  single-acting  engine?  Draw  an  outline 
section  through  the  cylinder  and  valves,  &c.  Name  the  valves  and  explain 
their  action,  also  the  order  of  opening  and  shutting  them  when  starting  the 
engine. 

4.  In  improving  the  old  atmospheric  engine,  Watt  laid  down  the  rule 
that  the  cylinder  in  which  the  steam  did  its  work  should  he  kept  as  hot  as 
the  steam  which  entered  it.  What  special  provisions  did  he  make  for 
carrying  oat  this  rule  ?  Explain  your  answer  by  referring  to  such  sketches- 
as  may  be  required. 

5.  Name  the  three  principal  valves  connected  with  the  steam  cylinder  of 
a  single-acting  pumping  engine.  State  which  are  opened  and  which* 
closed— (1)  when  the  piston  is  at  the  top  of  the  cylinder  and  beginning 
to  descend ;  (2)  when  the  piston  is  at  the  bottom  of  the  cylinder  and 
beginning  to  ascend. 

6.  Describe,  by  a  sketch  and  index  of  parts,  Watt's  double-acting  engine, 
and  point  out  the  distinction  between  a  single-acting  and  a  double-acting- 
engine.  What  is  the  object  of  the  equilibrium  valve  in  a  single-acting 
engine?    During'  what  ]x>rtion  of  the  stroke  is  this  valve  open? 

7.  Enumerate  the  improvements  introduced  by  Watt  into  his  double- 
acting  steam  engine  in  1784.  Why  is  this  engine  so  much  more  economical 
in  steam  than  the  old  atmospheric  engine  ? 

8.  Sketch  a  section  through  the  cylinders  of  Hornblower's  engine ;  give 
index  of  parts,  and  state  how  it  is  started.  Why  was  the  high-pressure 
cylinder  of  shorter  stroke  than  the  low-pressure  one?  Wherein  is  it  an 
improvement  on  Watt's  single-acting  engine  ? 

9.  Make  a  vertical  transverse  section  through  the  nozzles  and  valves  of  a 
Cornish  pumping  engine,  showing  the  positions  of  the  stop  or  regulating, 
steam,  equilibrium,  and  exhaust  valves  respectively,  together  with  the 
ports  of  the  cylinder  and  the  passages  for  the  distribution  of  steam.  (Ado. 
S.  and  A.  Exam.,  1889.) 

10.  Explain,  with  the  necessary  sketches,  the  construction  of  the 
cataract  of  a  Cornish  pumping  engine,  and  the  manner  in  which  it 
operates  upon  the  valve  or  valves  with  which  it  is  connected.  (S.  and  A* 
JBxam.,  1890.) 
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LECTURE  III. 

Contents.— Temperature,  Thermometry,  Pyrometers.  • 

It  is  necessary  at  the  very  outset  of  this  section  of  our  subject, 
to  clearly  understand  what  is  meant  by  the  different  expressions: 

1.  The  temperature  of  a  body. 

2.  The  quantity  of  hen t  in  a  body,  and  the  'unit  of  heat 

3.  The  capacity  for  heat,  and  the  specific  lieat  of  a  body. 
Temperature. — The  ttntperature  of  a  body  is  its  thermal  state 

considered  with  reference  to  its  power  of  communicating  lieat  to 
other  bodies  (Max well). 

Two  bodies  are  said  to  be  at  the  same  temperature,  if,  when 
placed  in  thermal  communication,  there  is  no  tendency  to  the 
transfer  of  heat  between  them ;  if,  however,  one  of  them  loses 
heat,  and  the  other  gains  heat,  that  body  which  gives  out  heat,  is 
said  to  have  a  higlier  temperature  than  that  which  receives  heat. 

Temperature,  therefore,  indicates  the  quality  or  condition  of 
'the  heat  in  bodies,  and  is  capable  of  greater  or  less  intensity 
according  to  circumstances.  It  is  measured  by  Thermometers 
-and  Pyrometers. 

Thermometry. — Thermometry  is  the  method  of  ascertaining 
temperatures,  or  the  intensities  of  heat.  The  action  of  ther- 
mometers is  based  on  the  change  of  volume,  to  which  bodies  are 
subject  with  a  change  of  temperature.  Air,  water,  spirit,  and 
mercurial  thermometers  are  severally  used  under  different  circum- 
stances, but  the  mercurial  thermometer  is  the  one  most  commonly 
-employed  by  engineers.  The  mercurial  thermometer  consists  of 
.a  stem  or  tube  of  glass,  formed  at  one  end  into  a  bulb,  to  contain 
the  mercury  which  expands  into  the  tube.  If  the  stem  be  of 
.uniform  bore,  the  expansion  of  the  mercury  being  practically 
-equal  for  equal  increments  of  temperature,  it  follows  that,  if  the 
*cale  be  uniformly  graduated,  the  divisions  will  indicate  equal 
increments  of  temperature.* 

It  was  early  ascertained  that  the  freezing  and  the  boiling  points 

*  For  a  complete  description  of  the  different  kinds  of  thermometers,  their 
construction,  calibration,  graduation,  and  use,  see  Professor  Maxwell  on 
"Heat,"  published  by  Longman  &  Co.,  Text  Book  of  Science  Series, 
Professor  Tait  on  "  Heat,"  published  by  Macmillan  &  Co. 
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of  water  at  the  normal  pressure  of  the  atmosphere  (viz.,  14*7  lbs. 
on  the  square  inch),  were  constant  temperatures,  and  advan- 
tage is  taken  of  this  physical  property  in  order  to  graduate 
thermometers.     The  interval  between  these  two  fixed 
temperatures  is  in  the  case  of  the  Fahrenheit  ther- 
mometer (the  one  commonly  used  by  English  engineers) 
divided  into  180  equal  parts,  termed  degrees ;  in  case 
of  the  Centigrade,*  or  standard  French  thermometer, 
into   100  equal   parts,  and   in  the  Reaumur,   or  the 
thermometer  used  in  Germany,  Russia,  «fcc.,  into  80 
parts.    The  following  comparative  scale  will  render  this 
quite  clear: — 
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Sghafter  and  Budexberg's  Engineer  Thermometers. 

*  The  Centigrade  thermometer  is  now  used  as  the  standard  thermometer 
by  all  the  best  physicists,  and  students  should  familiarise  themselves  with 
readings  taken  by  it,  as  well  as  with  constants  and  tobies  to  that  scale, 
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LECTURE   III. 

Comparison  o»  Different  Thermometers. 


Fata. 

Cent 

Bfen. 

Fah. 

Cent 

BftUL 

392 

200 

160 

320 

160 

128 

390*20 

199 

159*20 

318-20 

159 

127  20 

388*40 

198 

158-40 

316*40 

158 

126-40 

38660 

197 

157*60 

314-60 

157 

12560 

384-80 

196 

156*80 

312*80 

156 

12480 

383 

195 

156 

311 

155 

124 

38120 

194 

155-20 

309*20 

154 

123-20 

379*40 

193 

154-40 

30740 

153 

122-40 

377  60 

192 

153-60 

305  60 

152 

121*60 

375-80 

191 

152-80 

303-80 

151 

120-80 

374 

190 

152 

302 

150 

120 

372-20 

189 

151-20 

30020 

149 

119-20 

370-40 

188 

150-40 

298  40 

148 

118-40 

368-60 

187 

149*60 

296  60 

147 

117*60 

366-80 

186 

148-80 

294-80 

146 

116-80 

365 

185 

148 

293 

145 

116 

363-20 

184 

147-20 

29120 

144 

115-20 

361-40 

183 

146-40 

289-40 

143 

114*40 

359  60 

182 

145-60 

287  60 

142 

113-60 

35780 

181 

144-80 

285*80 

141 

112-80 

356 

180 

144 

284 

140 

112 

354-20 

179 

143-20 

282-20 

139 

111-20 

352-40 

178 

142-40 

280-40 

138 

110*40 

35060 

177 

14160 

278-60 

137 

109-60 

348-80 

176 

140*80 

276-80 

136 

108*80 

347 

175 

140 

275 

135 

108 

345-20 

174 

139-20 

273-20 

134 

107-20 

343*40 

173 

138  40 

27140 

133 

106-40 

341 -CO 

172 

137  60 

269  00 

132 

105-60 

339-80 

171 

136*80 

267*80 

131 

104*80 

338 

170 

136 

266 

130 

104 

336-20 

169 

135-20 

264-20 

129 

103-20 

334-40 

168 

134  40 

262-40 

128 

102-40 

332-60 

167 

133  60 

260-60 

127 

101-60 

330*80 

166 

132-80 

258-80 

126 

100-80 

329 

165 

132 

257 

125 

100 

327  20 

164 

131-20 

255-20 

124 

9920 

325-40 

163 

130  40 

253-40 

123 

93-40 

323-60 

162 

129-60 

251-60 

122 

97  60 

321-80 

161 

128-80 

i 

249-80 

121 

96-80 
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Comparison  of  Different  Thermometers— Continued* 


Fab. 

Gent. 

IMml 

Ffth. 

Cent. 

B4M. 

248 

120 

96 

192 

88-8 

71-1 

246*20 

119 

95-20 

191 

88-3 

70*6 

244-40 

118 

94-40 

190 

87-7 

70*2 

242-60 

117 

93-60 

189 

87*2 

697 

240  80 

116 

92-80 

188 

86-6 

69*3 

239 

115 

92 

187 

86*1 

68*8 

237-20 

114 

91-20 

186 

85-5 

68*4 

235*40 

113 

90-40 

185 

85*0 

68*0 

233*60 

112 

89*60 

184 

84*4 

67*5 

231*80 

111 

88-80 

183 

83*8 

671 

230 

110 

88 

182 

83-3 

66-6 

228*20 

109 

8720 

181 

82-7 

66*2 

226*40 

108 

86*40 

180 

82*2 

65*7 

224-60 

107 

85-60 

179 

81*6 

65-3 

222*80 

106 

84-80 

178 

81-1 

64*8 

221 

105 

84 

177 

805 

64-4 

219-20 

104 

83*20 

176 

80-0 

64*0 

217-40 

103 

82-40 

175 

79-4 

63*5 

215*60 

102 

81*60 

174 

78-8 

631 

213  80 

101 

80*80 

173 

78-3 

626 

... 

... 

... 

172 

777 

62  2 

212 

100*0 

80*0 

171 

77-2 

61*7 

211 

99*4 

79*6 

170 

76*6 

61* 

210 

98-9 

791 

169 

76  1 

60*8 

209 

98-3 

78*7 

168 

75*5 

60*4 

208 

97-8 

78-2 

167 

750 

60-0 

207 

97-2 

77-8 

166 

74*4 

59*5 

206 

96-7 

77*3 

165 

73-8 

59*1 

205 

961 

76*9 

164 

73-3 

586 

204 

95*6 

76-4 

163 

72-7 

58*2 

203 

950 

760 

162 

72  2 

577 

202 

94*4 

75-6 

161 

71*6 

57*3 

201 

93*9 

751 

160 

71*1 

56-8 

200 

93*3 

74-7 

159 

70-5 

56*4 

199 

92*8 

74-2 

158 

700 

56*0 

198 

92*2 

73-8 

157 

69-4 

55-5 

197 

91*7 

73-3 

|    156 

68-8 

551 

196 

91*1 

72-9 

155 

68-3 

54-6 

195 

90*6 

72-4 

154 

67'7 

54*2 

194 

90*0 

72*0 

!    153 

67*2 

637 

193 

89*4 

71-5 

152 

66*6 

53* 
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Comparison  of  Different  Thermometers— Continued. 


Fab. 

Cant 

RtfML 

Pah. 

Cant 

Rtfau. 

151 

661 

52-8 

Ill 

43  8 

351 

150 

65*5 

52-4 

no 

43-3 

34-6 

149 

65  0 

620 

109 

42-7 

34-2 

148 

644 

51-5 

108 

42-2 

33-7 

147 

63*8 

51  1 

107 

41-6 

33-3 

146 

63-3 

50-8 

106 

411 

32-8 

145 

62-7 

50-2 

105 

40'5 

32-4 

144 

62-2 

497 

104 

40 -0 

32-0 

143 

6P6 

493 

103 

39-4 

81-5 

142 

61  1 

48'8 

102 

38  8 

31  1 

141 

60*5 

48*4 

101 

383 

30*6 

140 

60O 

48H) 

100 

37-7 

30-2 

139 

59-4 

475 

99 

37  2 

29  7 

138 

58-8 

471 

98 

36-6 

29-3 

137 

58-3 

46-6 

97 

361 

28-8 

136 

57-7 

46  2 

96 

35-5 

28*4 

135 

67'2 

457 

95 

35-0 

28  0 

134 

56-6 

45  3 

94 

34-4 

27  5 

133 

661 

44-8 

93 

33*8 

271 

132 

55-5 

44-4 

92 

333 

26-6 

131 

550 

44-0 

91 

32-7 

26  2 

130 

54-4 

43*5 

90 

32-2 

25-7 

129 

53*8 

431 

89 

31-7 

25-3 

128 

63  3 

42-6 

88 

31  1 

24-8 

127 

627 

42-2 

87 

30*5 

24  4 

126 

52-2 

41-7 

86 

30-0 

24-0 

125 

516 

413 

85 

294 

23-5 

124 

511 

408 

84 

28-8 

231 

123 

605 

40-4 

83 

28-3 

22-6 

122 

600 

400 

82 

277 

22-2 

121 

494 

39-5 

81 

27  2 

21-7 

120 

48  -8 

391 

80 

26-6 

213 

119 

48-3 

38-6 

79 

261 

20-8 

118 

47-7 

382 

78 

25-5 

20-4 

117 

47*2 

37-7 

77 

25  0 

20O 

116 

46  6 

37  3 

76 

24*4 

19-5 

115 

461 

36-8 

75 

23-8 

191 

114 

45-5 

36-4 

74 

23-3 

18*6 

113 

45-0 

36-0 

73 

227 

18-2 

112 

44-4 

35*6 

72 

22*2 

177 
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Comparison  of  Different  Thermometers— Continued. 


Fan. 

Gent. 

Bean. 

Fan. 

Cent 

Rtfaa. 

71 

216 

173 

51 

105 

8-4 

70 

21  1 

16-8 

50 

10-0 

8t> 

69 

205 

16*4 

49 

94 

75 

68 

200 

161) 

48 

88 

71 

67 

19'4 

155 

47 

83 

6-6 

66 

18*8 

151 

46 

77 

6-2 

65 

18-3 

14-6 

45 

7-2 

5-7 

64 

177 

14-2 

44 

6*6 

5-3 

63 

17-2 

13-7 

43 

6-1 

4-8 

62 

16  6 

13-3 

42 

55 

4-4 

61 

161 

12-8 

41 

5-0 

40 

60 

15-5 

12-4 

40 

44 

35 

69 

15  0 

120 

39 

3-8 

31 

58 

14-4 

11-5 

38 

33 

2-6 

67 

138 

111 

37 

27 

2-2 

56 

133 

10-6 

36 

2-2 

1-7 

55 

12-7 

10-2 

35 

1-6 

1-3 

54 

12-2 

9-7 

34 

11 

08 

63 

11-6 

93 

33 

0-5 

04 

52 

111 

8-8 

32 

00 

o-o 

It  is  certainly  a  great  inconvenience  to  have  to  convert  readings 
taken  in  one  scale  to  that  of  another,  but  students  should 
thoroughly  master  the  simple  proportion  that  exists  between 
the  different  scales,  so  as  to  be  independent  of  conversion  tables. 

Since  the  temperature  of  freezing  water,  or  melting  ice,  is 
marked  on  the  different  scales  as  follows — 


Pah. 

32° 


Cent 
0° 


Rtfan. 

0" 


and  the  boiling  point  of  water — 


Fah. 
212° 


Cent 
100° 


Rdan. 
60° 


we  obtain   the  proportion   that  exists  between  the  scales  by 
subtracting  the  freezing  from  the  boiling  points,  Ihus— 


Fah. 
180° 


Cent 
100' 


Re&n. 

80° 
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Now,  to  convert  a  reading  observed  on  the  one  scale  to  its 
corresponding  value  on  either  of  the  others — 

Let  F  =  Temperature  Fahrenheit. 
0  =  „  Centigrade. 

11  =  „  Reaumur. 

Then  we  observe  that  we  must  subtract  32°  from  the  Fan.  scale 
before  applying  the  above  proportion  in  converting  it  to  the 
Cent,  or  to  the  Reau.,  but  add  32,  after  applying  the  above 
proportion,  in  converting  either  the  Cent,  or  the  Reau.  into  the 
Fah.  scale,  as  follows — 

(F-32):0:R::  180:  100:80 
or  as    9    :    5    :  4 


9 


_            n        (F  -  32)  5 
•  ••  Degrees  0  =»  -* ^— - — 

R  = 


F 


(F  -  32)  4 
9 

C  x  9        0 


„  F  =  -^A  +  32. 

Examples.— Suppose  the  temperature  of  the  feed  water  for  a 
boiler  is  102°  Fah.,  find  the  corresponding  temperature  on  the 
Cent  and  Reau.  scales : 

By  proportion—       9  :  5  :  :  (F  -  32)  :  0 

n  _    (F  -  32)  5  (102  -  32)  5 

* u  9  "  9 

-^Jli.350  =  38,8  0ent 

Again—  9  :  4  :  :  (F  -  32)  :  R 

^  R  =     (F  -  32)  4    m    (102  -  32)  4    =  280  _  MM  ^ 
9  9  9 

Suppose  the  temperature  of  the  hot  well  is  80*  Cent.,  what  it 
this  on  the  Fah.  and  Reau.  scales  t 
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By  proportion—       5  :  9  :  :  C  :  (F  -  32) 

5  5 

„  Z|2  +  32  -  144  +  32  =  176°  Fah. 
5 

Again—  5  :  4  :  :  0  :  R 

...  R  =  CxJ  _  80x4  =  64.  ^ 
5  5 

JVrote.— We  shall  treat  of  the  " absolute  zero"  of  the  thermometric  scale 
when  we  come  to  pressure  and  volume  of  gases. 

Pyrometers*  are  employed  to  measure  temperatures  above  the 
boiling  point  of  mercury  (about  676°  Fah.);  for  example,  the 
temperature  of  a  furnace,  or  the  waste  gases  in  a  chimney.  Their 
action  depends  upon  the  change  of  form  of  either  solid  or  gaseous 
bodies,  liquids  being  necessarily  inadmissible. 

Pyrometric  estimations  are  of  three  classes : — » 

First.  Those  of  which  the  indications  are  based  upon  the 
change  of  the  dimensions  of  a  particular  body,  solid  or  gaseous 
— the  pyrometer  proper. 

Second.  Those  based  on  the  quantity  of  heat  imparted  to  a 
known  weight  of  water,  by  immersing  in  the  water  a  body  of 
known  weight,  that  has  previously  been  raised  to  the  tempera- 
ture which  it  is  required  to  determine. 

Third.  Those  which  are  based  on  the  melting  points  of  metals 
and  metallic  alloys. 

1.  Of  the  first  class  we  have  Wedge  wood's  pyrometer,  invented 
in  1782,  founded  on  the  property  possessed  by  clay,  of  contracting 
at  high  temperatures.  He  made  a  tapered  groove  of  metal,  so 
arranged,  that  the  clay,  when  rolled  or  pressed  into  the  form  of  a 
small  cylinder,  just  fitted,  or  entered  the  groove,  if  raised  to  a 
low  redness,  but  as  it  was  increased  in  temperature  it  shrank  and 
could  be  slipped  further  along  the  tapered  groove.  He  divided 
the  tapered  groove  into  degrees  Fah.  Unfortunately,  it  has  been 
found  that  the  contraction  of  the  clay  is  not  exactly  proportional 
to  the  increase  of  temperature. 

Daniell's  pyrometer  depends  on  the  expansion  of  a  metal  bar 
enclosed  in  a  black-lead  case.  This  case  is  drilled  out  7*5  inches 
deep  to  a  diameter  say  of  '3  inch.     A  rod  of  platinum,  or  of  soft 

*  For  these  notes  on  pyrometers  we  are  indebted  to  D.  K.  Clark's  ex* 
©client  Mules,  Tables,  and  Data,  published  by  Messrs.  Blackie  &  Son. 
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iron,  a  little  less  than  the  bore,  and  about  an  inch  shorter,  is 
inserted  into  the  black-lead  case,  and  surmounted  by  a  porcelain 
index.  When  the  whole  instrument  is  placed  in  a  furnace,  the 
greater  expansion  of  the  metal  as  compared  with  that  of  the 
black-lead,  presses  forward  the  index,  which  remains  at  the 
iurthest  position,  so  that,  when  removed,  it  registers  the  highest 
temperature  to  which  it  was  subjected.*  None  of  these  methods, 
as  yet  constructed  on  this  principle,  are  very  accurate. 

2.  Of  the  second  means  of  estimating  higher  temperatures,  one 
of  the  best  is  that  known  as  Wilson's  water  pyrometer.  The 
inventor  places  in  the  lire  or  heated  chamber,  a  known  weight 
of  platinum,  in  the  form  of  n  thin  cylinder,  until  it  has  assumed 
the  temperature  thereof.  lie  then  takes  it  out,  and  plunges  it 
quickly  into  a  vessel  containing  water  exactly  twice  the  weight  of 
the  platinum,  and  observes  the  rise  in  temperature  of  the  water, 
when  the  temperature  of  the  chamber  or  fire  is  found  by  the 
following  simple  rule — "  Multiply  the  rise  in  temperature  of  the 
water  by  a  constant,  C2,  and  add  the  final  temperature  of  the 
water."  The  way  in  which  this  rule  is  found  will  be  fully 
explained  in  our  next  lecture,  when  we  come  to  treat  of  specific 
heat  In  Siemens'  Water  Pyrometer  copper  cylinders  are  used 
instead  of  platinum;  the  principle  and  method  of  using  it  are  the 
same  ^see  Appendix  II.) 

3.  The  third  method  of  estimating  high  temperatures,  viz., 
that  based  on  the  melting  points  of  metals  or  metallic  alloys,  is 
applied  by  simply  suspending  in  the  heated  chamber  or  furnace 
a  small  piece  of  metal,  the  melting  point  of  which  is  known,  and, 
if  necessary,  two  or  more  pieces  of  different  melting  points,  so  as 
to  ascertain  the  temperature  within  certain  limits,  according  to 
the  pieces  which  are  melted,  and  those  which  remain  unmelted. 
This  is  the  rough  and  ready  method  most  frequently  adopted  by 
workmen  in  iron,  steel,  and  other  smelting  works. t 

*  For  a  description  of  air  pyrometers  and  thermometers,  see  Professor 
Maxwell  on  "Heat,"  Professor  Tait  on  "Heat,"  anil  also  Sir  VVm.  Thomson's 
article  on  "Heat,"  Enrydoi><r<lia  Britannica*  9th  edition. 

t  Based  on  the  well-known  law  of  the  increase  in  electrical  resistance  of 
metals  with  an  increase  of  temperature,  a  tolerably  accurate  and  very  in- 
teresting pyrometer  was  devised  l»y  the  late  Sir  William  Siemens,  in  1871. 
See  Proceeding*  of  T/te  lioyal  Society,  18/1,  and  Proceedings  o/l/ie  Society  of 
Telegraph  Enyineers,  vol.  i.,  p.  123,  also  Appendix  II.  to  this  Book, 


Digitized  by 


Google 


SIEMENS1   WATER   PYROMETER. 


30a 


SIEMENS' 
WATER    PYROMETER. 


«,  Air  Space, 
ft.  Thermometer. 


e,  SiMin*  Scile. 
d,  Metal  Cylinder. 


Detcriptiin. — This  Pyrometer,  which  is 
shown  in  the  accompanying  sketch  (in 
vertical  and  horizontal  sections),  consists 
of  two  cylindrical  copjier  vessels  having  an 
air  space,  a,  between  them.  The  inner 
vessel  is  constructed,  with  a  view  to  pre- 
vent radiation,  of  a  double  casing  of 
copper  with  an  intermediate  packing  of 
felt,  and  is  of  sufficient  size  to  hold  rather 
more  than  a  pint  of  water. 

A  mercurial  thermometer,  6,  is  fixed 
against  one  side  of  the  inner  vessel  and 
protected  by  a  perforated  tube.  The 
upper  half  of  the  thermometer  projects 
"hove  the  copper  vessel  and  is  graduated 
in  the  ordinary  degrees,  Fahrenheit  or 
Centigrade,  while  by  the  side  of  it  is  a 
small  Drass  sliding  scale,  c,  graduated  and 
figured  with  degrees  of  the  same  denomi- 
nation as  the  thermometer. 

Cylinders,  </,  of  copper,  iron,  or  platinum 
are  provided  with  each  Pj'rometer,  their 
size  being  accurately  adjusted  so  that  the 
capacity  for  absorbing  heat  between  0°  and 
100°  C.  is  equal  to  one-tiftieth  of  that  of  the 
vessel  and  pint  of  water  which  it  contains; 
as  however  this  capacity  (specific  heat)  in- 
creases with  the  temperature,  the  divisions 
on  the  sliding  scale  expand  with  rise  in 
Temperature  and  in  a  different  ratio  for  the 
three  metals  specified,  thus  necessitating 
a  special  sliding  scale  for  each  metal  of 
which  the  cylinders  are  composed. 

Inslmction*.-  The  temperature  of  a 
furnace,  &c  ,  is  ascertained  in  the  following 
manner : — 

A  pint  (0-568  litre  or  34*06  cubic 
inches)  of  clean  water  is  placed  in  the 
Pyrometer  vessel,  and,  after  this  has 
stood  for  a  few  minutes,  the  zero  point  of 
the  sliding  scale  is  set  at  the  temperature 
indicated  by  the  thermometer. 

One  of  the  metal  cylinders,  d,  is  then 
exposed  from  two  to  ten  minutes  to  the 
heat  to  be  measured  and  allowed  to  remain 
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in  it  until  it  has  acquired  its  temperature.  It  is  then  quickly  withdrawn 
and  dropped  into  the  water,  the  temj>erature  of  which  rises  gradually  until 
a  maximum  is  reached.  This  rise  of  temperature,  as  indicated  by  the  sliding 
scale,  added  to  the  temperature  of  the  water  at  the  end  of  the  experiment, 
gives  that  oj  thejurnace,  <fca 

The  range  of  the  Pyrometer  with  copper  and  iron  cylinders  extends  to 
1000°  C.  or  1800°  F.,  but  with  platinum  cylinders  to  1500°  C,  or  2700°  F. 

Cylinders  of  copper  are  found  to  be  most  suitable  for  general  u*e  in 
ascertaining  the  temperature  of  ordinary  furnaces,  while  for  very  high 
temperatures  those  of  platinum  are  alone  available.  Wrought  iron 
cylinders  are  sometimes  employed,  as  they  offer  an  advantage  over  those  of 
copper  in  having  a  higher  melting  point,  and  being  less  liable  to  alteration 
in  weight  through  loss  by  incrustation  when  plunged  at  a  high  temperature 
into  water  ;  this  advantage  may  however  be  considered  as  counter- balanced 
by  the  fact  that  copper  is  much  less  affected  by  the  corrosive  action  of  the 
gaseous  products  of  combustion ;  for  the  reasons  just  given,  platinum 
cylinders  offer  still  further  advantages. 

The  normal  weights  of  the  metal  cylinders  are  as  follows : — 


Copper,    . 

Wronght-iron, 

Platinum, 


137     grammes. 

112 

4026         „ 


As  the  copper  cylinders  gradually  decrease  in  weight,  depending  on  the 
frequency  of  use,  a  table  is  added  below  which  gives  for  the  diminished 
weights  the  coefficient  by  which  the  temperature  indicated  on  the  sliding 
scale  is  to  be  multiplied. 


Table  of  Corrections  for  the  Decrease  in  Weight  of  the 
Copper  Cylinders. 


Weight  of 

Copper 
Cylinder  in 
grunmea. 

Multiplier  for 

the  indications 

of  the  sliding 

scale. 

Weight  of 

Copper 

Cylinder  in 

grammes. 

Multiplier  for 

the  indications 

of  the  sliding 

scale. 

Weight  of 

Copper 
Cylinder  in 
grammes. 

Multiplier  for 

the  Indications 

of  the  sliding 

scale. 

137 

1-000 

131 

1046 

125 

1-096 

13G 

1007 

130 

1-054 

124 

1105 

135 

1-015 

129 

1062 

123 

1114 

134 

1022 

128 

1-070 

122 

1123 

133 

1*030 

127 

1078 

121 

1132 

132 

1-038 

126 

1-087 

120 

1142 
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Sir  William  Siemens'  Electrical  Pyrometer— The  electrical 
resistance  of  metallic  conductors  depends  upon  their  dimensions, 
material,  and  temperature.  An  increase  of  the  latter  causes  a 
corresponding  increase  of  resistance,  the  law  of  which  is  known. 
Thus  the  resistance  of  a  conductor  having  been  ascertained  at  0° 
Centigrade  it  can  be  calculated  for  higher  temperatures;  and, 
vice  versdj  as  the  resistance  can  be  found  by  measurement  the 
temperature  can  be  calculated.  This  is  the  principle  upon 
which  Siemens'  Electrical  Pyrometer  is  based. 

A  platinum  wire,  PW,  contained  in 
the  tube,  T'  (8ee  first  Figure),  of  a 
known  resistance  at  0°  Centigrade 
is  coiled  on  a  cylinder  of  fire-clay  so 
that  the  convolutions  do  not  touch 
one  another.  This  coil  is  protected 
by  a  platinum  shield,  which  is  placed 
in  an  iron  or  platinum  tube,  XT'. 
Leading  wires,  LW,  are  arranged 
to  connect  the  platinum  wire  coil, 
PW,  with  an  instrument  suitable 
for  measuring  its  varying  resistance, 
from  which  the  temperature  can  be 
calculated. 

The  instrument  supplied  for  measur- 
ing the  resistance  is  a  Differential 
Voltameter  (see  also  second  Figure), 
which  consists  of  two  separate  glass 
tubes,  A  and  B,  in  each  of  which  a 
dilute  mixture  of  sulphuric  acid  and 
water  is  decomposed  by  an  electrical 
current  passing  between  two  platinum 
electrodes  immersed  in  the  liquid. 
The  gas  which  is  generated  is  col- 
lected in  the  upjier  portion  of  these 
carefully  calibrated  tubes,  and  its 
quantity  is  read  off  by  means  of  a 
graduated  scale  fixed  behind  the 
tubes. 

Movable  reservoirs  G  and  G '  com- 
municating with  the  tubes,  A  and  B, 
regulate  the  level  of  the  liquid.     The 
current  from  the  battery  is  divided 
by   a  commutator    B,    B'   (see    tirsfc 
Diagram  or  Connections  for  Sir  Figure),  tixed  on  the  wooden  base- 
William  Siemens'  Electrical      board  into  two  circuits,  one  of  which 
Pyrometer.  consists  of  a  constant  resistance,  X't 

in  the  instrument  and  the  platinum 
electrodes  in  one  tube;  the  other,  X,  of 
the  resistance  to  be  measured  and  the  electrodes  in  the  other  tube.  ^  The 
quantities  of  gas  developed  in  the  two  tubes  are  in  inverse  proportion  to 
the  resistances  of  their  respective  circuits,  and  the  resistance  in  the 
instrument  being  known,  the  other  can  be  calculated. 
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Direction*  for  teas.— Fill  the  battery  glasses,  1 1 1 1,  with  pure  water,  or,  in 
case  of  the  electrical  pressure  of  the  battery  decreasing,  with  a  solution  of 
sal-ammoniac  in  water.  Connect  the  poles  to  B  and  B'  on  the  commutator. 
Expose  the  small  end  of  the  pyrometer-tube  at,  T',  a*  far  as  the  cone,  t> 
the  heat  to  be  measured,  and  connect  the  terminals,  X,  X',  C,  to  the  ends 
of  the  leading  cable  bearing  the  corresponding  letters.  Connect  the  other 
end  of  the  leading  cable  to  the  terminals,  X,  X',  C,  on  the  Voltameter. 

The  Differential  Volta- 
meter is  to  be  tilled  with  the 
diluted  sulphuric  acid  through 
the  reservoirs,  G  and  G',  the 
india-rubber  cushions  being 
lifted  from  the  top  of  the 
tubes  by  means  of  the  double 
bell-crank  lever,  K.  The 
commutator,  B,  B',  is  to  be 
turned  so  that  the  contact 
springs  on  both  sides  rest  on 
the  ebonite.  The  liquid  in 
both  tubes,  A  and  B,  is  to  be 
regulated  to  the  same  level 
(0  of  scale)  by  raising  or 
lowering  the  movable  reser- 
voirs, and  the  india-rubber 
cushions  are  then  let  down 
again.  Give  the  commutator 
a  quarter  of  a  turn,  and  the 
development  of  gas  will  com- 
mence almost  immediately. 
Turn  the  commutator  half 
round  every  ten  seconds  to 
reverse  the  current.  Keep 
the  current  passing  until  the 
liquid  has  fallen  in  the  tubes 
to  at  least  50°  of  the  scale, 
then  put  the  commutator  in 
its  first  position,  so  that  the 
contact  springs  rest  on  the 
ebonite,  lower  the  reservoirs  General  View  of  Voltameter  and 
until  the  liquid  stands  at  the  Commutator  for  Sir  William  Siemens* 
same  level  m  each  reservoir  Electrical  Pyrometer. 

and  its  corresponding  tube  ; 
read    off   the    level    of    the 

liquids  on  the  scale  marked  V,  and  the  scale  marked  V  ;  then  on  the  slide 
rule  supplied  with  the  instrument  set  the  reading  on  V\  opposite  the 
reading  on  V,  and  the  temperature  in  degrees  centigrade  will  be  indicated 
by  the  arrow  on  the  slide.     For  a  new  experiment  adjust  the  levels  to  zero 

jag   VwkfoPA 

The  slide  rule  gives  temperatures  up  to  1400°  C,  if  the  measurement 
of  higher  temperatures  is  desired,  it  is  necessary  that  the  tube,  T',  should  be 
of  platinum  instead  of  iron,  and  the  temperatures  can  be  calculated  by  the 
subjoined  formula — 
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where  a  =  -039369;    l£  =  877,975;     -  °*  +  7  =  +  19070544 
p  p 

0  =  "00216407 ; 

y  m   -  -24127 ;   log  ~  =  2-9434822 ;  ^~  =s  82*738226 

0-_  =  9-0960553. 

2p 

Instruction*  for  the  use  of  the  Voltameter. — 1.  The  Voltameter  tabes 
should  be  filled  with  a  mixture  of  fifteen  parts  of  distilled  water  and 
one  part  of  pure  sulphuric  acid.  Ordinary  water  and  impure  acid  or 
acid  of  too  great  a  strength  should  be  avoided,  as  they  cause  deposits 
inside  the  tubes,  which  produce  adherent  gas  bubbles  and  thus  influence 
the  correctness  of  the  reading.  Should  such  deposits  be  formed,  the  tubes 
must  be  well  cleaned  before  further  use. 

2.  Four  cells  of  the  battery,  when  new,  give  a  suitable  current,  but 
the  other  two  cells  should  be  added  when  the  first  are  weakened  through 
use.  Currents,  if  too  strong  and  irregular,  form  gas  bubbles  which  separate 
the  liquid  in  the  tube. 

3.  The  Commutator  of  the  Voltameter,  when  the  current  is  passing, 
should  be  reversed  about  every  ten  seconds. 

4.  Care  should  be  taken  that  the  corks  carrying  the  platinum  points  are 
so  arranged  that  the  points  stand  perfectly  clear  of  the  narrow  ends  of  the 
glass  tubes,  and  that  the  distance  between  the  wires  in  each  pair  is  as 
neary  equal  as  possible. 

5.  The  india-rubber  cushions  at  the  top  of  the  fixed  tubes  should  have  a 
thin  layer  of  "  Resin  cerate  "  or  tallow  on  their  lower  surfaces  in  order  to 
make  the  joint  as  gas-tight  as  possible. 

6.  Should  adherent  gas  bubbles  occur  in  spite  of  these  precautions,  they 
can  be  removed  by  lowering  the  sliding  reservoirs,  squeezing  the  india- 
rubber  tubing,  or  suddenly  reversing  the  commutator. 

7.  Before  taking  the  final  reading  of  the  tubes,  V  and  V,  each  sliding 
tube  must  be  lowered  until  the  level  of  the  liquid  in  it  and  its  corresponding 
fixed  tube  is  at  the  same  height,  so  as  to  obtain  an  equal  pressure  on  the 
gas  in  each  tube. 

Lecture  IIL—  Questions. 

1.  Define  the  temperature  of  a  body.  What  two  natural  phenomena  have 
been  employed  to  determine  two  points  of  reference  in  the  scale  of  ther- 
mometers ?    And  why  ? 

2.  Compare  the  Fah.,  Cent,  and  Reau.  scales.  A  Cent,  thermometer 
indicates  15°;  show  by  proportion  (in  full)  how  you  find  what  are  the 
corresponding  readiness  in  the  Fah.  and  Reau.  scales.    Am.  59°  F. ;  12*  R, 

3.  Zinc  boils  at  1204°  F.,  mercury  at  676°  F.;  change  these  readings  to 
Cent,  (show  your  work  in  full).     Ans.y  651°  C,  and  358°  C. 

4.  Suppose  you  were  requested  to  find  the  temperatures  in  the  fire  box 
and  chimney  of  a  locomotive,  or  in  the  furnace  and  uptake  of  a  marine 
boiler  funnel,  how  would  you  do  it?    Give  arithmetical  examples  in  ea^h 
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Contents.— Quantity  of  Heat-*-Unit  of  Heat— Calorimetry— Capacity  for 
Heat— Specific  Heat— Table  of  Specific  Heats  of  Substances. 

Quantity  of  Heat. — Calorimetry  is  the  method  of  measuring 
■quantities  of  heat.  When  heat  is  applied  to  a  body  it  produces 
various  effects.  For  example,  in  most  instances  it  raises  the 
temperature  of  the  body,  it  generally  alters  its  volume  or  its 
pressure,  and  in  certain  cases  it  changes  the  state  of  the  body 
from  solid  to  liquid,  or  liquid  to  gaseous. 

To  be  able  to  compare  different  quantities  of  heat,  we  must 
first  fix  on  a  standard  or  unit  of  heat.  This  is  done  by  selecting 
a  standard  body,  and  noting  the  effects  of  heat  upon  it.  For 
example,  we  might  take  a  pound  or  other  known  weight  of  ice  at 
its  freezing  or  melting  point,  32°  F.  or  0°C,  and  apply  heat  to 
it,  until  it  all  melts  into  water  at  the  same  temperature.  This 
would  give  a  definite  standard,  by  which  to  compare  other 
quantities  of  heat  applied  in  the  same  way.  This  method  was 
actually  adopted  by  Lavoisier  in  his  ice  calorimeter.  Or,  we 
might  take  a  known  weight  of  water  at  its  boiling  point,  and 
apply  heat  to  it  until  it  all  becomes  converted  into  steam  at  the 
same  temperature  as  the  boiling  water.  This  method  is  used  in 
determining  the  quantity  of  heat  obtained  from  different  kinds  of 
<50al.  We  often  find  it  stated  in  connection  with  trials  of  steam 
boilers,  that  so  many  pounds  of  water  were  converted  into  steam 
at  a  certain  pressure  per  pound  of  coal  of  a  certain  quality. 

Unit  of  Heat. — The  standard  unit  now  adopted  in  this  country 
is  called  *The  British  Tliermal  Unit,  and  is  the  quantity  of  heat 
required  to  raise  1  Jh.  oftoater  by  1°  Fahn  when  at  its  maximum 
density,  i.e.,from  39°-l  to  40°1  Fah. 

•The  words  "British  Thermal  Unit"  are  often  represented  by  the 
notation,  BTU,  or,  shorti-  TU.  Mr.  William  Anderson,  M.  Inst.  C.E., 
in  his  Howard  Lectures  "On  the  Conversion  of  Heat  into  Useful  Work/' 
delivered  before  the  Society  of  Arts,  London,  April  to  June,  1885,  simply 
uses  the  small  letter,  u.  For  example,  we  find  in  his  lectures  the  expression 
198*6  «,  meaning  by  that  198 '6  British  units  of  heat  These  lectures  which 
are  published  in  the  April,  May,  and  June  numbers  of  The  Society  of  Arts 
Journal,  1885,  should  be  read  by  all  students  going  forward  to  the  honours 
examination  in  steam. 
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Calorimetry. — The  Ice-  Calorimeter  of  Laplace  and  Lavoisier* 
consisted  of  three  tiiin  copper  vessels  of  different  sizes,  so 
as  to  permit  one  being  placed  inside  another.  The  outer  and 
middle  one  were  packed  with  broken  ice,  and  were  furnished 
with  drain  pipes  and  cocks  by  which  to  run  off  the  ice  as  it 
became  melted.  The  third  or  inner  vessel  held  the  body  to  be 
experimented  upon.  Although  this  apparatus  furnished  good 
results  in  the  hands  of  the  inventors,  it  is  liable  to  lead  to 
erroneous  determinations,  owing  to  the  water  produced  in  the 
middle  vessel  adhering  to  the  broken  ice,  instead  of  draining 
completely  away. 

An  improved  form  of  ice  calorimeter,  designed  by  Bunsen,  is 
illustrated  in  the  following  figure,  and  is  thoroughly  reliable  in 
the  hands  of  a  good  experimeter  (see  Appendix  II.) 


G.S. 


Ihdix, 
B     for  Body  to  be  experimented  em* 
T      „  Teat  tube  of  thin  glass  into  which, 

B,  is  inserted, 
C      „  Calorimeter  containing  water  0*C. 
M     ,,  Mercury. 

-G  S  „  Graduated  scale  or  guage  stem, 
V      „  Vessel  containing  enow  or  ice. 


Bunsen's  Ice  Calorimeter. 

The  body,  B,  of  known  weight,  which  is  to  give  off  the  quantity 
of  heat  to  be  measured,  is  first  heated  in  a  test  tube  held  in  a 
current  of  steam  of  known  temperature.  It  is  then  dropped 
quickly  into  the  very  thin,  dry,  clean  test  tube,  T,  which  is  now 
corked  with  cotton  wool.  This  test  tube  is  surrounded  witn 
solid  ice  contained  in  the  calorimeter,  0.  In  the  botton  of  the 
calorimeter  there  is  a  quantity  of  mercury,  M,  which  extends 
up  through  the  thin  tube  to  the  graduated  scale,  G  S. 

#  See  Maxwell  or  Tait  on  "Heat,"  for  a  full  description  of  Lavoisier's 
Ice  calorimeter  and  its  defects. 
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The  vessel,  V,  is  packed  either  with  newly  fallen  snow,  free 
from  dust  particles,  or  with  ice.  The  ice  in  the  calorimeter 
is  made  of  distilled  water,  from  which  every  trace  of  air  has  been 
expelled.  If  there  was  air  in  the  water,  the  process  of  freezing 
would  expel  it,  and  produce  bubbles  in  the  top  of  the  calorimeter, 
which  would  vitiate  the  results,  for  the  accuracy  of  the  test 
depends  upon  observing  the  diminution  of  the  volume  of  the 
ice  in  the  calorimeter,  0,  on  a  portion  of  it  becoming  melted 
by  the  heat  passing  from  the  body,  B.  This  diminution  of 
volume  of  a  portion  of  the  ice  is  indicated  by  the  free  end  of 
the  column  of  mercury  at  the  graduated  scale,  GS,  moving 
inwards.  The  value  of  these  gradations  having  been  previously 
ascertained,  the  quantity  of  ice  melted,  and  consequently  the 
number  of  units  of  heat  that  pass  from  the  body,  B,  when  it 
has  fallen  to  the  temperature  of  the  ice,  are  easily  ascertained. 

The  value  of  the  graduations  on  the  scale,  G  S,  may  be  approxi- 
mately ascertained,  by  placing  a  known  weight  of  water  at  a 
known  temperature  in  the  test  tube,  T,  instead  of  the  body,  B, 
and  noting  the  number  of  divisions  which  the  free-end  of  the 
mercury  passes  inwards,  when  the  water  in  the  test  tube  has 
fallen  to  the  temperature  of  the  ice  in  the  calorimeter. 

Example. — Suppose  1  lb.  of  water  at  212°  F.  to  have  been 
placed  in  the  test  tube,  T,  and  that,  when  its  temperature  had 
fallen  to  the  temperature  of  the  ice,  32°  F,  the  free  end  of  the 
mercury  at  the  scale  had  moved  inwards  from  0  to  32  divisions 
on  the  scale.  Now,  on  placing  1  lb.  of  lead  at  212°  F.  in  the  test 
tube,  T,  and  waiting  until  its  temperature  fell  to  32°  F,  if  we 
found  that  the  free  end  of  the  mercury  only  moved  inwards  by 
1  division,  we  would  conclude  that  the  quantity  of  heat  which 
had  passed  from  the  1  lb.  of  lead  had  only  been  ^  part  ('031) 
of  what  had  previously  passed  from  the  water  in  the  test 
tube  to  the  ice  in  the  calorimeter,  under  precisely  similar 
circumstances  (see  Appendix  II.  for  a  more  exact  method). 

The  capacity  for  heat  of  lead,  or  its  thermal  capacity,  is 
therefore  J%>  or  "031  that  of  the  standard  water. 

Method  of  Mixture. — This  method  depends  on  the  quantity  of 
heat  which  escapes  from  one  body,  increasing  the  temperature  of 
another  body. 

To  illustrate  this  method,  again  take  the  case  of  lead.  Weigh 
out  1  lb.  of  sheet  lead,  roll  it  into  an  open  spiral,  and  attach  it 
to  a  string.  Now,  dip  the  lead  into  a  pot  of  freely  boiling  water 
until  it  has  attained  the  temperature  of  the  water.  While  this 
is  going  on  weigh  out  a  pound  of  cold  water,  and  ascertain  its 
temperature  with  a  thermometer;  say  it  is  47° F.  Then  lift  the 
lead  from  the  boiling  water,  and,  while  holding  it  by  the  string 
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in  the  steam  rising  from  the  water,  allow  all  water  to  drop  from 
it,  and  immerse  it  quickly  in  the  cold  water  vessel,  keeping  it 
moving  by  means  of  the  string,  so  as  to  bring  it  intimately  into 
contact  with  every  portion  of  the  water,  as  shown  in  the  follow- 
ing figure,  where,  L,  is  the  lead, 
and,  T,  the  thermometer.  Observe 
the  gradual  rise  in  temperature  of 
the  water  due  to  the  heat  passing 
from  the  lead,  note  the  point  at 
which  it  ceases  to  rise,  and  suppose 
that  to  be  52°F.  We  have  thus 
ascertained  data,  from  which  we  may 
calculate  the  relative  capacities  for 
heat  of  lead  and  water,  if  none  of 
the  heat  from  the  lead  was  given 
to  any  other  body  than  to  the 
water. 

Thus — The  diminution  in  tem- 
perature of  the  lead  from  212°  to 
52°  =  160° ;  the  increase  in  temperature  of  the  water  from  47* 
to  52°  =  5°. 

Therefore,  since— 

Tlie  Loss  of  Heat  from  the  one  substance  =  tJie  Gain  of  Heat 
by  the  other. 

Or,  the  heat  from  1  lb.  of  lead  falling  160°  =  the  heat  im- 
parted to  1  lb.  of  water  raised  5°. 

The  units  of  heat  in  1  lb.  of  lead     _    5  1 

#  #  The  units  of  heat  in  1  lb.  of  water  "~  T60  "~  32" 

In  other  words,  the  capacity  for  heat  of  lead  is  only  ^  part 
that  of  water,  or  the  same  quantity  of  heat  would  raise  1  lb.  of 
lead  through  32  times  as  many  degrees  as  it  would  1  lb.  of  water. 

Specific  Heat.# — The  specific  heat  of  a  body  is  the  ratio  of  the 
quantity  of  heat  required  to  raise  that  body  one  degree,  to  the 
quantity  required  to  raise  an  equal  weight  of  ivater  one  degree  in 
temperature. 

Let  m  denote  the  mass  of  any  substance. 
,,    s  „  specific  heat  of  the  substance. 

„    Q  „  quantity  of  heat  required  to  raise  its  tem- 

perature from  <j°  to  t2°. 


•The 
kcat,"  or 


specific  heat  of  a  body  is  frequently  termed  the  "  capacity  for 
the  "  thermal  capacity "  of  that  body. 
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Then,  we  infer  that,  Q,  must  be  proportional  to,  m.  For,  if 
a  certain  quantity  of  heat  be  required  to  raise  a  mass  of,  say, 
4  lbs.,  through  t°  in  temperature,  then  twice  that  quantity  of 
heat  will  be  required  to  raise  a  mass  of  8  lbs.  through  the  same 
rise  in  temperature,  and  so  on.  Hence,  Q  varies  as  w,  ».«., 
Q  oc  w,  when  (^°  —  t^)  is  constant.  Similarly  we  infer  that,  Q, 
must  be  proportional  to,  t£  -  t°v  the  rise  in  temperature,  when, 
tnt  is  constant.  Therefore,  Q  oc  (t2°  -  txc)t  when  m  is  constant. 
Now  from  ordinary  algebra  we  know  that  if  Q  varies  as  w, 
when  (*2°  -  L°)  is  constant,  and  if  Q  varies  as  (t2°  -  tx°)  when  m 
is  constant,  then  Q  will  vary  as  m  x  (t^  -  tx0)  when  both  m  and 

.-.  Qoc  m(t2°  -  O, 
or,  Q  =  m*(*2°  -«,•)  .         .         .     (1) 

where  *  is  some  constant  depending  on  the  nature  of  the 
substance.  This  constant  is  called  the  specific  heat  of  the 
substance. 

Equation  (1)  could  have  been  obtained  directly  from  the 
definition  of  specific  heat. 

,_,  heat  required  to  raise  m  lbs.  of  the  substance  1° 

'        ™         heat  required  to  raise  m  lbs.  of  water  1°       ' 

_  heat  required  to  raise  m  lbs,  of  the  substance  (C  -  tt°) 
9       ~~         heat  required  to  raise  m  lbs.  of  water  (^°  -^°)       ' 

hence  the  heat  required  to  raise  m  lbs.  of  the  substance  through 

St2    -  tx°)  =  Qt  =  heat  required  to  raise  m  lbs.  of  water  through 
t2   -  t^)  x  8.     But  the  heat  required  to  raise  m  lbs.  of  water 
through  (^°  -  V)  is  equal  t0  m  (h°  ~  <i°)  B.T.XJ. 

.-.  Q  -  ms(t2°  -  V)B-T.U. 

Let  us  now  find  a  general  formula  for  the  mixture  of  two 
substances. 

Let  M  stand  for  the  mass  in  lbs.  of  the  one  substance. 
„    S         „         „       specific  heat    „         „  „ 

„    m       „         „       mass  in  lbs.      „     other        „ 
„    8         „         „       specific  heat     „         „  „ 

Let  ^  stand  for  the  original  temperature  of  substance  M. 

»    ^2      >»        »  »  »  »  ***• 

„    ts      „        „       final  temperature  of  both  M  and  w. 
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Then,  the  Loss  of  Heat  from  the  one  substance  =  the  Gain  of 
Heat  by  the  other. 

The  loss  of  heat  from  the  substance,  M,  =  M  S  (tx  -  ts). 

The  gain  of  heat  by  the  substance,  m,     =  ms(t3  —  t2). 

•••MS(V-0  =  ™«(V-0        •        •     (2)- 
In  the  case  of  water  *  is  taken  as  unity. 

We  may  now  apply  the  knowledge  we  have  gained  in  this 
lecture  to  proving  the  rule  for  using  "Wilson's  Pyrometer,  as 
given  in  our  last  lecture.  Observe,  Wilson  plunges  a  known 
weight  of  platinum  (for  the  sake  of  illustration,  assume  it  to  be 
1  lb.)  at  an  unknown  temperature,  ^°,  into  double  its  weight  of 
water  (say  2  lbs.),  and  notes  the  rise  in  temperature,  t£  to  t3°, 
from  which  he  calculates  the  original  temperature,  L  ,  of  the 
platinum,  and,  therefore,  of  the  furnace  from  which  it  had  been* 
taken.     Thus — 

The  Loss  of  Heat  from  the  one  substance  =  the  Gain  of  Heat 
by  the  other. 

The  loss  of  heat  from  1  lb.  of  platinum  =  1  x  -0324  x  (^°  -  <3°). 
The  gain  of  heat  by  2  lbs.  of  water  =  2  x      1      x  (*8°  -  t/).. 

.\  1  x  -0324  x  (tx°  -Q  =  2xlx  (*s°  -  t^), 

•••  *i°  -  '*  -  2(*WV)  =  62  ft"  -  '*">' 

...V=62(V-0  +  *s. 

Or,  the  temperature  of  the  platinum  =  62  times  the  rise  tn* 
temperature  of  the  water  +  the  final  temperature  of  the  water. 

Note. — The  specific  heat  of  an  elementary  solid  (pure  body)  is  inversely 
as  its  atomic  weight,  or  the  specific  heat  multiplied  by  the  atomic  weight  - 
is  a  constant  quantify. 
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SPECIFIC   HEAT  OF  SUBSTANCES, 

BT  REONAULT  AND  OTHERS. 

From  D.  K.  Clark's  "Rules,  Tables,  and  Data,"  at  between 
32°  and  212°  Fah.,  unless  stated. 


Water  at  39°'1F., 

»     i»  21*  F.,         .        . 
Ice  at  32°,    . 
Steam  at  212°,     . 
Mercury,  • 

Iron,  cast,  • 

„    wrought,    . 
Steel,  soft,  . 

£2T:   :   :    :   : 

Zinc, 

Tin, 

Silver,  • 

Platinum,  sheet, . 

i ,        spongy  at  952*  F., 

Coal, 

Coke, 

Olive  Oil,    . 

Air 

Carbonic  oxide,   •        •        • 
Carbonic  acid,     • 
Hydrogen,  . 
Oxygen,  . 

Nitrogen,    . 


For  more  complete  tables  see  Rankine's  Rules  and  Tables, 
6th  edition,  or  D.  K-  Clark's  Rules,  Tables,  and  Data. 


BUNSEN'S  CALORIMETER. 

Under  the  heading  Calorimetry,  we  gave  a  general  idea  of  the 
principle  and  action  of  Bunsen's  Calorimeter,  but  as  the  instru- 
ment, if  properly  handled,  is  capable  of  great  accuracy,  we  have 
thought  it  advisable  to  give  the  following  more  complete  and 
detailed  information  in  the  Second  Edition,  which  should  be  of 
considerable  interest  to  those  desirous  of  carrying  out  experiments 
on  the  specific  heats  of  different  substances. 

To  find  Constant  for  the  Graduated  Scale.—  The  first  thing  necessary  in 
carrying  oat  accurate  experiments  with  this  instrument  is  to  ascertain  the 
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absolute  volume  of  the  graduated  gauge  stem,  G  S  (see  next  figure).  Insert 
into  this  tube,  a  small  thread  of  mercury,  taking  care  not  to  touch  it  with 
the  hands  as  that  would  alter  its  temperature,  and  consequently  its  length. 
Bring  the  inner  end  of  the  thread  to  the  zero  end  of  the  scale,  and  place  a  pocket 
microscope  over  it  Suppose  it  measures  100  divisions  in  length  on  the  scale, 
G  S ;  then  move  it  along  the  tube  until  its  inner  extremity  stands  at  division 
10,  and  again  read  its  length  by  means  of  the  microscope.  Repeat  this 
until  the  whole  length  of  the  gauge  tube  has  thus  been  tested.  If  the  length 
of  the  mercury  thread  is  at  any  position  appreciably  more  or  less  than  100 
divisions,  then  the  tube  is  not  of  uniform  bore,  and  must  be  rejected  ;  for 
even  a  slight  variation  in  the  bore  would  unnecessarily  complicate  the  future 
readings  and  calculations. 

Suppose  then  that  a  good  gauge  tube  has  been  obtained,  we  have  now  to 
find  a  constant,  C,  for  it  by  the  following  formula  : — 

Otnudnni  C  —  ^e^gnt  °f  mercury  thread  in  grammes  x  (1  4-  0*00018 t) 
*       ~~  Specitic  gravity  of  mercury  x  Average  length  of  thread 

which  is  the  volume  of  one  division,  the  graduations  being  in  centimetres. 

The  constant  for  the  graduated  stem  of  the  instrument  with  which  the 
following  experiment  was  performed,  was  found  from  the  data — 

Weight  of  mercury  thread     =  0*5248  gramme. 
Temperature  of  room,  t         =16°  Centigrade. 
Specific  gravity  of  mercury  =  13*596. 
Average  length  of  thread      =  12*736  divisions  on  G  S. 


Consequently  the  constant— 

r      '5248(1  +  '00018  x  16°) 
13*596  x  12*736 


=  O0303. 


How  to  use  the  CahritnHtr.  —Partially 
fill  the  calorimeter,  C,  with  distilled  ice 
cold  water  from  which  every  trace  of  air 
has  been  expelled,  and  then  rill  m  mer- 
cury until  it  reaches  up  the  small  vertical 
tube  on  the  left-hand  side  Co  the  zero  of 
the  scale,  G  S.  Now  insert  the  calorim eter 
into  the  vessel,  V,  containing  the  snow  or 
freezing  mixture.  Put  a  small  quantity 
of  ether  into  the  test  tube,  Tt  and  blow 
through  this  ether  by  means  of  a  glass 
tube  so  as  to  evaporate  it  quickly,  and 
thus  cause  a  layer  of  ice  to  be  formed 
close  to  and  all  round  the  test  tube.  The 
free  end  of  the  m>  i  ,  now  begins  to 
travel  along  the  graduated  stem,  GS» 
owing  to  the  greater  bulk  occupied  by  ^ 
the  ice  than  the  water  from  which  it  is 
being  formed.     Readings  should  be  taken,  say  every  minute  or  so,  of  the 
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position  reached  by  the  mercury  on  the  scale,  G  S,  in  order  to  estimate 
the  rate  at  which  ice  is  being  formed  in  the  calorimeter. 

When  the  free  end  of  the  mercury  has  moved  near  the  outer  end  of  the 
scale  marked,  1000,  drop  the  body,  B  (whose  specific  heat  has  to  be  found), 
into  the  test  tube,  T  (which  should  now  be  clean  and  dry),  and  rapidly 
cork  up  the  open  end  of  the  test  tube  by  means  of  a  plug  of  cotton  woof, 
so  as  to  prevent  as  far  as  possible  any  loss  of  radiation  of  heat  from  the  body 
under  test,  than  that  directly  through  the  test  tube  into  the  ice  in  the 
calorimeter.  As  stated  in  Lecture  IV.,  the  body,  B,  has  been  previously 
heated  to  any  desired  known  temperature  by  placing  it  in  a  current  of 
steam  of  known  temperature,  t'  (or  otherwise).  Now  read  off  the  respective 
positions  of  the  free  end  of  the  mercury  on  the  graduated  scale,  G  S,  every 
minute  or  so  as  it  travels  inwards  due  to  the  melting  of  ice  in  the  calorimeter, 
C  (owing  to  the  heat  passing  from  the  body,  B),  until  it  ceases  to  move 
inwards  and  begins  to  go  outwards  again  ;  for  it  is  not  until  then  that  the 
body,  B,  has  been  reduced  to  the  same  temperature  as  the  ice  in  the 
calorimeter.  Continue  to  take  a  few  readings  after  the  mercury  has  begun 
to  move  outwards,  so  as  to  observe  if  ice  is  being  formed  at  the  same  rate  as 
before  the  body,  B,  was  introduced. 

Correction  of  the  Readings,— The  readings  on  the  scale,  GS,  when  the 
mercury  is  passing  inwards,  does  not  give  a  true  direct  measure  of  the 
quantity  of  ice  being  melted  by  the  heat  passing  from  the  body,  B,  under 
test,  because  at  the  same  time  that  ice  is  being  melted  other  ice  is  also  being 
formed  owing  to  the  calorimeter,  C,  being  surrounded  by  a  freezing  mixture; 
and  consequently  a  correction  has  to  be  applied  to  these  readings.  *  Further, 
different  substances  have  different  rates  of  giving  up  or  taking  in  heat,  and 
thus  the  readings  observed  are  more  or  less  affected  by  the  constant 
formation  of  ice  due  to  the  presence  of  the  outside  freezing  mixture,  according 
as  the  body  in  the  test  tube  takes  a  longer  or  shorter  time  to  give  up  its 
heat.    In  order  therefore  to  obtain  true  readings,  take  a  sheet  of  squared 


paper  like  that  in  the  foregoing  figure,  and  let  the  vertical  lines  or  ordinate* 
represent  the  actual  readings  obtained  from  the  scale,  GS,  while  the 
horizontal  lines  or  abscissae  stand  for  the  intervals  of  time  between  the 

*  This  Is  an  important  point  which  the  author  has  not  found  mentioned  in  any  treatise  on 
the  subject. 
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observed  readings.  First,  plot  down  the  line  or  curve,  R  li  lj  (from  the  first 
set  of  readings  and  times  mentioned  above),  indicating  tlic  rate  at  which  ice 
is  being  formed  in  the  calorimeter.  Second,  note  the  reading,  li,  on  the 
scale,  6  S,  at  the  instant  the  body,  B,  is  introduced  into  the  test  tube,  Tv 
and  then  plot  down  the  curve,  li  W*,  s/wwing  the  apparent  rate  at  which  ice 
is  being  melted.  It  is  evident  that  when  the  body  is  put  into  the  test  tube 
this  curve  will  show  a  sudden  fall  shown  by  length  of  ordinate,  li  W]t  in 
dotted  lines.  By  the  time  that  the  point,  Wj,  has  been  reached,  the  body, 
B,  has  been  reduced  to  the  same  temperature  as  that  of  the  water  in  the 
calorimeter,  and  the  curve  again  begins  to  rise  at  the  same  inclination  as, 
R  li  ls,  owing  to  the  continuous  and  unimpeded  formation  of  ice  in  the 
calorimeter. 

Now  the  ordinate,  li  WJf  from  the  observed  readings,  does  not  indicate 
the  true  reading  or  the  full  quantity  of  ice  melted,  bat  the  ordinate,  If  W*, 
does,  for  during  the  time  that  heat  was  passing  from  the  substance  under 
test,  ioe  was  also  being  formed  at  a  rate  represented  by  the  line,  R  li  If. 
Therefore,  to  get  the  true  reading  raise  a  perpendicular  from  the  point,  Wt, 
where  the  curve  begins  to  rise  parallel  to  its  former  direction  untu  it  meets 
the  curve,  R  lj  i2,  at  the  point,  If,  and  note  its  length,  If  Wf,  in  divisions  of 
the  ordinate  or  graduated  scale,  G  S.  . 

Example.— The  following  data  are  taken  from  an  experiment  carried  out 
by  one  of  the  author's  old  students,  Mr.  James  M'Lure,  in  the  Physical 
Laboratory,  Normal  School  of  Science,  South  Kensington,  to  determine  the 
specific  heat  of  Mercury  :— 

C  for  Constant  of  graduated  tube  as  before  =  '00303  c.c 
n  „  Number  of  divisions  indicated  by  ls  W2  in  the  last  figure  =  78. 
M  „  Weight  of  substance  under  test  =  49  51  grammes. 
t   ,,  Temperature  in  degrees  Cent,  at  which  substance  was  put  into 
the  test  tube. 
875*4  „  Kohlrausch's  constant.* 

Then  the  specific  heat  of  any  body  is  given  by  the  following  formula: — 

v      875-4  _  C  x  n      875-4 

M  *      t     ~     M     x     t 

«      -n  ^    .  *vr                 00303  x  78  x875'4 
.-.  Specific  heat  of  Mercury  = 4951  x  14b —  =  03195# 

Which  result  diifers  but  slightly  from  that  obtained  by  Kegnault,  see 
Table,  page  37  of  this  book. 

It  is  extremely  important  that  engineers  should  have  a  simple 
and  ready  method  of  testing  the  relative  and  absolute  values  of 
the  different  kinds  of  fuel  employed  by  them.  We  have, 
therefore,  thought  it  advisable  to  give  a  short  description  of 
Mr.  Lewis  Thompson's  Calorimeter  or  Fuel  Tester,  as  manu- 

•  See  Kohlrausch*  Practical  Phytic  Article  on  ••Specific  Heat,"  p.  79  by  Mem.  ChureMU 
A  Company,  London.  Bunsen  sav*.  I  gramme  of  ice  at  0°  C.  has  a  volume  =  littOSt  cubio 
oentimetrea  alm>  1  gramme  of  distilled  water  at  0*O.  has  a  volume  =  1  00013  oublc  centi- 
metres. Now  794  French  units  of  heat  or  calories  are  required  to  melt  1  grammn  of  ice. 
This  quantity  of  he*t  gives  a  diminution  in  volume  =  -0907  cubic  centimetres,  therefoie 
1  gnu  of  heat  gives  a  diminution  in  volume. 


-79T=87Ti;   .". Specific  Heat  =Hx     ,. 
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factored  by  Messrs.  Alex.  Wright  &  Co.,  London.  This  apparatus 
has  been  adopted  by  several  Railway  Companies,  as  well  as  by 
the  British  and  Foreign  Governments,  <fcc.,  to  determine  the 
relative  commercial  value  of  the  coals  which  they  purchase. 

Principles  on  which  the  Calorimeter  is  Based.— First,  that  the 
latent  heat  of  steam  is  equal  to  966*6  (or  in  round  numbers  967) 
British  Units  of  heat ;  and  secondly,  that  coal  burned  in  pure 
oxygen  evolves  the  same  amount  of  heat  as  when  perfectly  burned 
in  atmospheric  air.  Thus  it  follows,  that  if  we  heat  or  raise 
967  parts  (by  weight)  of  water  1°  Fah.,  we  have  employed  as 
much  heat  as  would  have  boiled  off  1  part  (by  weight)  of  water 
from  212°  Fah.  If  the  same  quantity  of  water  had  been  heated 
10°  Fah.,  then  we  have  used  heat  equivalent  to  boiling  off  10 
parts  of  water,  and  so  on.  The  thermometer  being  used  to 
indicate  in  this  way,  the  number  of  parts  of  water  capable  ot 
being  boiled  off  by  the  heat  generated  by  the  perfect  combustion 
of  the  fuel.  As  one  pound  of  coal  is  an  inconveniently  large 
quantity  of  fuel  to  use  with  such  an  apparatus,  it  has  been 
specially  designed  for  burning  2  grammes  of  fuel  at  a  time.  From 
the  above  it  will  be  observed  that,  if  we  contrive  to  thoroughly 
burn  1  gramme  of  fuel  in  the  midst  of  967  grammes  of  water, 
the  increased  temperature  of  the  water  will  show  us  the  number 
of  grammes  of  water  which  1  gramme  of  the  fuel  in  question  is 
able  to  convert  into  steam  at  212°  Fah.,  and  we  have  thus  at  once 
the  evaporative  value  of  the  fuel.  As  it  has  been  found 
advisable  to  use  a  larger  quantity  of  coal  or  other  fuel  than 
1  gramme,  the  apparatus  is  specially  designed  (as  we  have  just 
remarked)  for  2  gramme  quantities,  and  of  course  for  a  corre- 
sponding quantity  of  water — viz.,  967  x  2  or  1934  grammes. 
As  the  weights  of  fuel  burned  and  of  water  used  are  directly 
proportional  to  the  latent  heat  of  steam,  the  indications  of  the 
apparatus  are  general,  and  may  be  expressed  in  any  weights 
whatever — e.g.,  in  pounds  of  water  boiled  off  per  pound  of  coal. 

Instruction  for  Taking  the  Test. — (l. )  Select  from  a  mass  of  the  coal 
or  fuel  to  be  tested  several  portions  which  will  collectively  represent  an 
average  sample,  and  reduce  them  to  a  powder.  Mix  the  samples  thoroughly, 
and  put  about  20  grammes  of  it  into  the  iron  mortar,  A,  and  pound  it  well. 
Then  sift  it  through  the  sieve,  B,  on  to  a  sheet  of  white  paper.  Return 
the  coarser  particles  to  the  mortar,  and  pound  them  again,  as  well  as  sift 
them,  and  intimately  mix  the  powdered  fuel. 

(2.)  The  oxygen  mixture  for  combustion  of  the  fuel  is  kept  in  the  bottle, 
D,  and  consists  of  3  parts  of  chlorate  to  1  part  of  nitrate  of  potash,  each  of 
the  purest  quality,  reduced  to  a  powder,  so  that  it  will  pass  through  a  gauze 
of  1000  meshes  to  the  square  inch,  which  powder  must  be  perfectly  dry. 
Two  grammes  of  the  powdered  fuel  are  now  intimately  mixed  with  from 
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8  to  13  (or  more)  times  its  weight  of  this  oxygen  mixture,  by  means  of  the 
spatula,  L. 

(3.)  Carefully  introduce  the  resulting  grey  powder  into  one  of  the  copper 
furnaces,  E,  and  compress  it  down  in  successive  small  portions,  by  means  of 
a  rammer  or  test  tube,  but  without  tapping,  for  if  tapping  or  shaking  be 
resorted  to  the  rougher  portions  of  the  oxygen  mixture  rise  to  the  surface. 

(4.)  The  furnace,  E,  is  next  placed  in  the  socket  of  the  brass  plate,  F, 
and  about  \  inch  length  of  fuse  placed  on  the  top  of  the  powder  as  seen  in 
the  figure  at,  F. 

(5.)  Fill  the  glass  cylinder,  H,  up  to  the  engraved  line  with  water  (i.e, 
put  in  1934  grammes),  and  take  the  exact  temperature  of  the  water  by 
means  of  the  delicate  thermometer,  J.  All  thermometer  readings  must  be 
read  to  at  least  one-tenth  of  a  degree,  otherwise  the  exactness  of  the 
experiment  will  be  impaired.  It  is  important  to  bring  up  the  temperature 
of  the  water  to  within  a  few  degrees  of  that  of  the  room  by  adding  if 
necessary  a  little  hot  water,  and  extracting  any  excess  of  water  above  the 
1934  gramme  mark  by  means  of  a  pipette.  The  following  relative  tem- 
peratures are  recommended : — 

Room  at  degrees  Fan.,  80,  72,  67,  60,  55*  50,  42 
Water  should  be  „  70,  64,  60,  54,  50,  46,  40. 
Differences  „        10,        8,        7,        6,        5,        4,        2. 

(6.)  Having  the  Condenser  Cylinder,  G,  with  its  stop-cock  closed,  ready 
at  hand,  light  the  fuse  of  the  charge  on,  F,  and  at  once  cover  it  with  the 
condenser,  pressing  the  latter  iirmly  down  upon  the  clutch  springs  of  the 
base,  and  immediately  submerge  the  whole  in  the  water  contained  in  the 
glass  cylinder,  G.  This  whole  operation  must  be  performed  be/ore  the 
fuel  and  oxygen  mixture  is  ignited,  otherwise  the  whole  would  be  consumed 
in  the  air,  and  the  experiment  destroyed.  See  central  figure,  "Calorimeter 
in  Action." 

(7.)  When  combustion  has  ceased,  open  the  stop-cock  of  the  condenser, 
and  if  air  does  not  freely  issue  insert  the  long  wire,  K,  and  move  the 
condenser  several  times  up  and  down  in  the  water,  to  cause  the  water  within 
and  without  the  condenser  to  assume  the  same  temperature.  Blow  away 
the  smoke,  and  note  the  temperature  of  the  water,  losing  as  little  time 
as  possible.  As  an  average  of  10  per  cent,  of  the  heat  generated  by  the 
fuel  is  absorbed  by  the  instrument,  add  10  per  cent,  to  the  observed 
temperature, 

(8.)  The  furnaces  must  be  well  cleaned  and  dried  out  before  being  re-used. 

Test  with  a  Welsh  Steam  Coal,  by  F.  W.  Hartley,  A.  Inst.  C.E. 

Grammes  of  oxygen  mixture  to  2  grammes  of  coal,     .  .      26 

Time  of  combustion  in  seconds,  .  .  .  .65 

Water  raised  in  degrees  Fan.  +  10  per  cent,  for  instrument,       14*4 
.*.  Weight  of  water  that  would  be  evaporated  at  212°  F. 
per  pound  of  such  coal,  if  the  water  received  all  the  heat  from 
its  perfect  combustion,    .  .  14  4  lbs.* 

British  heat  units  generated  per  pound  of  the  coal  =  1934 
grammes  x  14°  *4  -f-  2  grammes  of  fuel, .  .  .  .       13,925 

*  The  same  result  was  obtained  by  Prof.  Sexton  of  the  College  of  Science 
and  Arts,  Glasgow,  from  the  locomotive  steaming  coal  used  by  the  North 
British  Railway  Company,  March,  1887. 
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Lbotuiie  IV.— Questions. 

1.  What  do  you  mean  by  the  quantity  of  heat  in  a  body,  and  how  Is  it 
measured? 

2.  What  is  the  unit  of  heat  adopted  in  Great  Britain  ?  How  many  units 
of  heat  are  imparted  to  a  cubic  foot  of  water  (62  5  lbs.),  on  raising  it  from 
60°  to  212°  F.,  also  to  1  lb.  of  copper  ?    Am.  9,500,  and  1444. 

3.  Define  and  show  the  difference  between  the  terms  "  capacity  for 
heat"  and  "specific  heat"  of  a  substance.  Suppose  a  substance  was  given 
to  you  to  find  its  specific  heat,  how  would  you  conduct  ■  the  experiment  ? 
Give  an  arithmetical  example. 

4.  If  1  lb.  of  platinum  is  plunged  into  1  lb.  of  water  at  60°  F.,  and  the 
resultant  temperature  of  the  water  is  112°  F.9  what  was  the  original 
temperature  of  the  platinum  ?    Arts.  3939°  F. 

5.  If  2  lbs.  of  copper  at  500°  F.  are  plunged  into  4  lbs.  of  water  at 
50°  F.v  what  will  be  the  resulting  temperature  ?    An*.  80°  F. 

6.  Define  "specific  heat."  Deduce  a  formula  for  determining  the  re- 
lation between  the  masses,  specific  heats,  &c,  when  two  substances  are 
mixed  together.  A  piece  of  platinum,  weighing  1  lb.,  is  suspended  in 
the  hot  gases  of  a  furnace  whose  temperature  has  to  be  ascertained.  After 
being  heated  to  the  temperature  of  the  furnace  it  is  taken  out  and  plunged 
into  2  lbs.  of  water  at  49°  F.  The  resulting  temperature  of  the  mixture 
is  found  to  be  100°  F.  Determine  the  temperature  of  the  furnace,  having 
given  specific  heat  of  platinum =0*034.     Ana.  3, 100°  F. 
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LECTURE  V. 

Contents. — Transfer  or  diffusion  of  Heat — Radiation — Conduction — 
Convection. 

Transfer  or  Diffusion  of  Heat. — It  was  explained  in  the  last 
lecture,  that  equality  of  temperature  between  two  bodies  exists, 
when  there  is  no  tendency  to  a  transfer  of  heat  from  either  to 
the  other.  We  saw  also  that,  when  their  temperatures  differed 
in  the  slightest  degree,  there  is  a  tendency  to  an  equality  of 
temperature,  by  a  transfer  of  heat  from  the  hotter  to  the  colder, 
and  that  this  tendency  is  greater,  the  greater  the  difference  of 
temperature  between  the  bodies. 

Rankine  states  that  the  rate  at  which  the  transfer  of  heat  takes 
place  between  two  bodies,  at  unequal  temperatures,  depends — 

"  First,  On  the  tendency  to  transfer  heat,  increasing  as  some 
function  of  the  two  temperatures  and  their  difference. 

"  Secondly.  On  the  areas  of  those  parts  of  the  surfaces  of  the 
bodies  through  which  the  transfer  of  heat  takes  place.  In  most 
of  the  cases  which  occur  in  practice,  those  areas  are  equal,  and 
then  the  rate  of  transfer  of  heat  is  directly  proportional  to  their 
common  extent. 

"  Thirdly.  On  the  nature  of  the  material  of  each  of  the  bodies* 
and  the  condition  of  their  surfaces. 

"Fourthly.  On  the  nature  and  thickness  of  the  intervening 
substances,  if  any.  Increase  of  that  thickness  diminishes  the 
rate  of  transfer  of  heat. 

"  The  transfer  of  heat  takes  place  by  three  processes,  called 
respectively,  radiation,  conduction,  and  convection. 

"  Radiation  of  heat  takes  place  between  bodies  at  all  distances 
apart,  in  the  same  manner  and  according  to  the  same  laws  with 
the  radiation  of  light. w  * 

Radiation. — To  illustrate  the  radiation  of  heat  from  one  body 
to  another,  take  a  common  poker,  heat  it  to  redness  in  the  fire, 
and  hold  one  hand  a  few  inches  from  the  heated  end,  as  shown 
in  the  figure. 

The  hand  experiences  the  sensation  called  heat,  owing  to  the 
transfer  of  the  same  in  straight  lines  from  the  hot  poker,  as  it 
were  by  radial  vibrating  rays  of  heat  energy. 


*  From  Rankine  on  The  Steam  Engine,  p.  257*       _ 
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Another  common,  but  interesting  illustration,  is  that  of 
making  a  convex  lens  of  ice,  by  pressing  a  heated  concave 
scale-pan  of  a  balance  on  a  block  of  ice,  and  holding  this  lens 
between  the  sun  and  your  coat  at  the  proper  distance,  so  as  to 


'»*..; ;  \ ;  •,  •. ;  \  \ »       Y> 


focus  the  heat  rays  on  the  same.  The  lens  of  ice  as  well  as  the 
air  will  be  scarcely  affected  by  the  heat  rays  passing  through 
them,  while  the  coat  will  soon  be  burned. 

An  even  still  more  interesting  and  striking  experiment,  due 
to  Professor  Tyndall,  is  that  of  focussing  the  heat  rays  from  the 
sun  or  a  strong  electric  arc  light  on  the  interior  of  a  block  of  ice. 


The  heat  rays  pass  through  the  mass  of  ice  without  apparently 
affecting  it,  except  at  the  point  where  they  meet ;  here  the  ice 
very  soon  becomes  melted. 

The  phenomenon  of  radiation  consists,  therefore,  in  the  trans- 
mission of  energy  from  one  body  to  another  by  propagation 
through  the  intervening  medium,  in  such  a  way  that  the  progress 
of  the  radiation  may  be  traced,  after  it  has  left  the  first  body 
and  before  it  reaches  the  second,  travelling  with  a  certain  velocity 
and  leaving  the  medium  behind  it  in  the  condition  in  which  it 
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found  it.     It  is  only  when  the  radiation  is  stopped  that  the 
effects  of  heat  are  observed. 

Radiant  heat  is  propagated  with  a  speed  practically  the  same 
as  that  of  light;  for  example,  after  a  total  eclipse  of  the  sun,  the 
heat  rays  reappear  simultaneously  with  those  of  light,  travelling 
somewhere  about  186,000  miles  per  second.  In  free  space,  or 
in  air  of  uniform  density,  light  moves  in  straight  lines,  so  does 
radiant  heat,  whether  from  the  sun  or  from  a  terrestrial  source ; 
in  fact,  radiant  heat  and  light  may  be  regarded  as  identical  and 
inseparable.*  Speaking  generally,  the  rate  of  radiation  of  heat 
by  the  hotter  of  a  pair  of  bodies,  and  of  its  absorption  by  thtt 
colder,  are  increased  by  darkness  and  roughness  of  the  surfaces 
of  the  bodies,  and  diminished  by  smoothness  and  polish.  The 
best  radiators  of  heat  are  likewise  the  best  absorbers  of  heat,  and 
the  poorest  reflectors.  For  example,  it  will  be  seen  from  the 
following  table,  that  the  radiating  and  absorbing  power  of  soot 
is  a  maximum  or  100,  while  its  reflecting  power  is  nil — a  fact  of 
considerable  importance  in  connection  with  the  generating  of 
steam  in  boilers.  Again,  cylinder  covers  are  highly  polished; 
whyr — to  prevent  radiation  of  heat  therefrom. 

Comparative  Radiating,  or  Absorbent,  and  Reflecting  Powers 
or  Substances. 


SUBSTANCE. 

Powzrs. 

Radiating  or 
Absorbing. 

Reflecting. 

Lampblack  or  soot. 

Water, 

Cast  iron,  polished, 

Wrought       „ 

Steel              „            

Brass,  cast,  dead  polish, 

„    bright, 

Copper,  hammered  or  cast,                          . 
Silver,  polished  bright, 

100 

100 

25 

23 

17 

11 

7 

7 

3 

0 
0 

75 
77 
83 
89 
03 
93 
97 

Conduction. — Conduction  is  the  transfer  of  heat  through  sub- 
stances, or  from  one  substance  to  another  when  in  contact,  due  to 
difference  of  temperature.  It  may  be  conveniently  divided  into 
internal  and  external  conduction,  according  as  the  transfer  of 
heat  takes  place,  between  the  parts  of  one  continuous  body,  or 
through  the  surface  in  contact  of  a  pair  of  distinct  bodies, 
although  to  a  large  extent  external  conduction  or  surface  con- 
*  See  Professor  Tait  on  Heat,  chap.  xvi. 

Digitized  by  VjOOQIC 


41  LECTURE    V. 

ductivity  is  an  action  of  the  same  kind  as  internal  conduction, 
for  the  conduction  takes  place  in  the  surrounding  medium.  For 
example,  take  the  heated  poker  (figure  on  p.  39),  the  end  held 
in  the  left  hand  becomes  gradually  heated  by  the  transfer  of 
heat,  from  molecule  to  molecule  of  iron,  along  the  poker  in  the 
direction  of  the  arrow,  while  the  hand  is  heated  by  the  transfer 
of  heat  through  the  surface  in  contact  therewith. 

A  body  which  conducts  heat  quickly,  is  called  a  good  conduc- 
tor of  heat;  if  it  conducts  heat  slowly,  it  is  called  a  bad  conductor, 
or,  if  very  slowly,  a  non-conductor  of  heat.  For  example,  hold  a 
copper  rod  in  the  hand,  and  place  it  in  the  fire  in  the  same  way 
as  we  did  the  iron  poker,  the  sensation  of  heat  is  felt  by  the 
hand  much  sooner  than  in  the  case  of  the  poker,  whereas,  if  we 
do  the  same  with  a  piece  of  wood,  of  the  same  length  and  cross- 
section  as  the  poker,  or  the  bar  of  copper,  it  will  be  entirely 
burnt  away  at  the  end  placed  in  the  fire,  before  any  appreciable 
heat  is  conducted  to  the  hand. 

A  common  class  experiment  to  illustrate  the  different  conduct- 
ing powers  of  bodies  is  that  shown  by  the  following  figure,  where 
small  balls  are  attached  by  wax  at  regular  intervals  to  two  rods 
or  bars,  e.g.,  copper  and  iron,  and  heat  applied  to  their  inner  ends 
simultaneously,  and  equally,  as  shown. 

COPPER        mt_^0  ^_+.  iron 


The  balls  attached  to  the  copper  bar  fall  off,  by  the  melting 
of  the  wax,  much  sooner  than  those  hanging  from  the  iron  one, 
thus  proving  conclusively  that  copper  is  a  better  conductor  of  heat 
than  iron,  although  their  capacities  for  heat  are  about  the  same. 

Thermal  conductivity  must  be  measured  (other  things  being 
equal)  by  the  quantity  of  heat  which  passes ;  therefore  the  rate 
at  which  conduction  (whether  internal  or  external)  goes  on,  is 
proportional  to  the  cross  area  of  the  section,  or  the  surface 
through  which  it  takes  place.  It  may  be  expressed  numerically 
in  so  many  units  of  heat  per  square  foot,  per  minute,  or  per  hour. 
For  example,  engineers  speak  of  the  evaporating  power  of  a 
boiler,  as  so  many  pounds  of  water  raised  into  steam  at  a  certain 
pressure  per  square  foot  of  grate  surface  per  hour,  or  plus  per 
square  foot  of  the  additional  heating  surfaces,  although  in  reality 
it  depends  on  many  things  besides  mere  conduction  of  the  plates. 

To  compare  plates  of  different  materials,  we  must  take  them 
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all  of  the  same  thickness  and  superficial  area,  and  subject  them 
all  on  the  one  side  to  a  certain  temperature,  and  on  the  other 
side  to  the  same  number  of  degrees  more  or  less. 

Definition. — Tlie  thermal  conductivity  of  a  body  at  any  temper- 
ature is  Hie  number  of  units  of  heat  which  pass,  per  unit  of  time, 
per  unit  of  surface,  through  an  infinite  plate  (or  layer)  of  the 
substance,  of  unit  thickness,  wlien  its  sides  are  kept  at  temperatures 
respectively  half  a  degree  above  and  half  a  degree  below  that 
temperature  (Tait). 

Although  the  above  definition  is  perfect,  in  as  far  as  it  lays 
down  theoretically  a  thoroughly  systematic  way  in  which  the 
relative  conducting  powers  of  different  substances  may  be 
compared,  it  is  found  practically  impossible  to  realise  experi- 
mentally such  simple  conditions. 

The  methods  chiefly  employed  for  measuring  thermal  con- 
ductivity depend  ultimately  upon  observations  of  the  temperature 
of  the  body  at  different  parts  of  its  mass. 

The  temperature  effects  of  a  given  quantity  of  heat  are 
inversely  as  the  capacity  for  heat  of  the  body;  hence,  what  is 
directly  deduced  from  such  experiments  is  not  the  thermal 
conductivity  as  just  defined,  but  its  ratio  to  the  capacity  for  heat 
of  the  body.*    Thus,  these  experiments  require  in  addition,  the 


Forbes'  Experiment  on  Conductivity. 


I B  for  Iron  bar. 
IS  ,,  Insulating  supports. 
Ti,Ts  .  . .  Tn  „  Thermometers. 


ML  for  Melted  lead. 

G  B    „  Gas  burner  (Argand). 


*  This  is  termed  Thermometric  Conductivity  by  Maxwell  and  Diffusivitt 
by  Sir  William  Thomson  (see  tables  at  end  of  Conduction). 
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determination  of  the  specific  gravity  and  of  the  specific  heat  of 
the  body. 

Principal  Forbes*  well-known  experiments  on  the  conductivity 
of  iron  *  are  the  most  trustworthy,  and  will  illustrate  what  has 
been  written  and  show  the  student  how  experiments  might  be 
carried  out  on  other  metals. 

A  long  bar,  I  B  (in  Forbes1  experiment,  8  feet  by  1 J  inch 
square),  fixed  on  non-conducting  or  insulating  supports,  IS,  has 
one  end  inserted  into  a  pot  of  melted  lead,  M  L,  or  solder,  kept  at 
a  constant  temperature  by  the  Argand  gas  burner,  G  B.  The  bar 
has  small  holes  drilled  in  it,  into  which  the  bulbs  of  the  various 
accurate  thermometers,  Tg,  T8  .  .  .  Tn,  are  introduced,  a  little 
mercury  being  poured  into  the  holes  so  as  to  form  good  contact 
between  the  bulbs  of  the  thermometers  and  the  bar.  The  bar  is 
first  brought  to  a  uniform  temperature,  by  being  left  in  the 
laboratory  all  night  without  the  application  of  heat.  The  end  is 
then  inserted  into  the  bath  of  melted  lead,  and  the  rise  in 
temperature  noted  by  each  of  the  thermometers,  those  nearest 
to  the  bath  beginning  to  rise  first,  and  then  the  next,  and  so  on 
to  the  last,  until  finally  each  of  them  arrives  at  a  fixed  temper- 
ature, with  a  gradual  fall  between  each,  graphically  represented 
in  the  figure  by  the  length  of  the  thermometer  stems.  The 
quantity  of  heat  which  now  passes  per  minute  across  any 
particular  transverse  section  of  the  bar  is  constant,  and  is  equal 
to  the  product  of  the  cross  area,  the  conductivity,  and  the  fall  of 
temperature  at  that  section.  Hence,  the  quantity  of  heat  passing 
is  expressed  by  a  definite  multiple  of  the  unknown  conductivity. 
But  that  heat  does  not  raise  the  temperature  of  the  bar  beyond 
the  section  in  question,  for  the  temperature  has  become 
stationary,  owing  to  just  as  much  heat  passing  into  the  air  by 
cooling  as  flows  into  the  bar  from  the  leaden  bath.  To  find  this 
rate  of  cooling,  a  short  bar  of  the  same  cross-section  and  material 
as  the  long  one,  with  a  thermometer  stuck  into  it,  is  highly 
heated  and  allowed  to  cool,  the  rate  of  cooling  being  noted  by 
taking  frequent  readings  at  exactly  equal  intervals  of  time — say 
every  half-minute.  The  heat  lost  per  minute  per  unit  of  length, 
at  each  temperature,  within  the  range  employed,  is  thus  ob- 
tained, and  a  calculation  made  of  what  the  long  bar  lost  at  any 
particular  cross-section. 

Principal  Forbes  found  by  his  experiments  that  the  conduc- 
tivity of  iron  for  heat,  like  its  conductivity  for  electricity, 
diminishes  with  a  rise  of  temperature.  This  similar  effect  on 
the  two  forms  of  energy,  heat  and  electricity,  does  not  appear 

*Traru.  Roy.  Soc.,  Edm.,  1861-2. 
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however  to  be  common  to  the  other  metals  experimented  upon 
by  Professor  Tait ;  but,  as  he  remarks,  "  the  whole  subject,  as 
far  as  experimental  details  are  concerned,  is  still  in  a  very  crude 
state." 

The  value  of  k  in  the  following  expression  gives  the  thermal 
conductivity  of  a  substance  at  a  given  temperature  in  accordance 
with  the  definition : — 

x 

Where  Q  denotes  the  Quantity  of  heat  that  flows  in  time,  T. 
A       „        „    Gross  area,  or  the  area  of  each  of  the 

opposite  faces  of  the  plate. 
x        „        „    Thickness  of  the  substance. 
h*  h  »        »   Temperatures  on  each  side  of  the  plate. 

From  which  we  see,  as  has  been  already  remarked,  that  the 
quantity  of  heat  which  flows  by  conduction  through  any  sub- 
stance is  directly  proportional  to  the  area,  and  to  the  difference 
of  temperature  between  its  faces,  and  inversely  proportional  to 
the  thickness. 

In  most  experiments  the  value  of  the  thermal  conductivity 
constant,  k,  is  given  in  accordance  with  the  centimetre,  gramme, 
second,  or  G.G.S.  system  of  units,  and  not  in  the  more  familiar 
English  foot-pound-minute  system.  The  engineering  student 
will  find  the  following  table,  taken  from  the  best  source — vis., 
Sir  William  Thomson's  article  on  "Heat"  in  the  Encyclopaedia 
Britannica,  1880  (where  the  values  for  the  constants,  k9  c,  and 
k 

— ,  are  all  in  O.G.S.  units),  of  considerable  interest.  From  these 
c  ' 

results,  we  see  that  the  thermal  conductivity  of  copper  is  500 
times  that  of  water,  and  20,000  times  that  of  air,  while  iron  is  80 
times  that  of  water,  and  3,500  times  that  of  air.  These  are 
important  facts  to  bear  in  memory,  for  it  shows  us  that  the 
transmission  of  heat  from  the  radiant  burning  coal  or  charcoal 
in  our  furnaces  or  domestic  fire-places  on  one  side  of  a  boiler- 
plate, kettle,*  or  frying-pan,  to  hot  water,  steam,  or  melted  fat  on 

*  William  Fouiis,  M.  Inst.  C.E.,  General  Manager  of  The  Glasgow 
Corporation  Gas  Works,  has  found,  in  connection  with  his  numerous  experi- 
ments on  water-heating  apparatus  for  houses  and  railway  carriages  worked 
by  gas  flames,  that  thin  cast-iron  transmits  heat  more  rapidly  and  effectually 
to  water  than  copper  or  other  smooth  metals  of  the  same  thickness  and 
area.  This  is  probably  due  to  the  numerous  small  rough  points  on  the 
surface  of  the  cast-iron  next  to  the  water  taking  up  the  heat  vibrations  and 
communicating  them  to  the  liquid  more  thoroughly  than  the  much  smoother 
surface  of  copper  or  wrought-iron — A,  J. 
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DiFFusmnn  (Thermal,  Material,  and  Electric). 


Subatance. 

Thermal 
Conductivity. 

Thermal  Capacity 

of  Unit  Bulk. 

c 

DUTiMlTity.* 

kfc. 

Authority. 

Copper, 

Iron, 

Air, 

Oxygen, 

Nitrogen, 

Carbonic  oxide, 

Carbonic  acid, 

Hydrogen,     . 

Underground 
strata  (rough 
average),      . 

Wood,    . 

Water,  . 

091 
0  16 

(o-0000049 

0000038 
0-00034 

|  0-005 

00005 
0002 

0845 
0  875 

0-000307 

0  000428 
0000307 

05 

0-39 
1-00 

1077 
0185 

016 

0-088  8 
1-12 

001 

00013 
0002  2 

|  Clausius  and 
(     Maxwell, 
>    according 
I     to    kinetic 
J     theory. 

J  Forbes  and 
(W.  Thomson. 

J.T.Bottomley. 

*  What  Clerk  Maxwell  calla  TherniomctHc  Conductivity. 

the  other  side,  goes  on  as  if  the  thermal  conductivity  of  the  metal 
were  infinite,  or,  in  other  words,  the  resistance  to  the  transmis- 
sion of  heat  through  the  metal,  is  as  nothing  compared  to  the 
resistance  which  it  meets  with  from  the  liquid  or  gas. 

It  is  important  that  the  engineer  should  appreciate  the  relative 
•conducting  powers  of  the  different  metals  that  he  has  to  deal 
with.  For  instance,  the  fire-box  of  a  locomotive  is  made  of 
copper  in  preference  to  iron,  partly  on  account  of  its  greater 
conductivity  and  partly  on  account  of  its  withstanding  the  de- 
structive action  of  the  fire.  Mild  steel  is,  however,  now  being 
largely  used.  Has  any  one  yet  tried  the  relative  conductivities 
of  the  two  ?  *  Again,  the  outside  of  boilers  and  cylinders  are 
carefully  lagged  with  some  bad  conducting  substance,  so  that  as 
little  heat  as  possible  may  escape  therefrom.  The  following  table 
gives  roughly  the  relative  conducting  powers  of  a  few  of  th^ 
more  common  metals : — 

Substance.  Eelati™  Conductivity. 

Copper,  ....        100 

t»  f  andupwardi,  ammtlng 

.Brass,       .  .  .  .  .  30  i    to  percentage  01  con  «r 

I  In  it. 

Zinc, 30 

Iron, 16 

German  Silver,       ...  10 

Water, 0*2 

*  I  am  unable  to  find  a  good  and  reliable  table  of  the  conducting  power* 
•f  most  of  the  metals.  This  subject  requires  to  be  taken  up  and  experi- 
mented upon. — A.  J. 
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Silicate  cotton, 

.     100 

Hair  felt,       . 

.     117 

Cotton  wool, 

.     122 

Sheep's  wool, 

.     136 

Infusorial  earth,    . 

.     136 

As  it  is  frequently  of  importance  to  engineers  to  know  the 
relative  conducting  powers  of  bad  conductors  for  purposes  of 
lagging  boilers,  steam  pipes,  and  cylinders,  we  extract  the 
following  table,  taken  from  The  Proceedings  of  the  Philosophical 
Society  of  Glasgow  for  1884,  by  J.  J.  Coleman,  F.C.S.  (the  inven- 
tor of  the  well-known  Bell-Coleman  freezing  machine).  The 
experiments  are  the  latest,  and  were  carried  out  with  great  care 
by  means  of  a  modification  of  the  Lavoisier  Calorimeter: — 

Relative  Conducting  Powers  for  Heat. 

Charcoal 140 

Sawdust,        ....  163 

Gas-works  breeze,  .        .  230 

Wood  and  air  space,*     .        .  280 

Convection. — When  the  application  of  heat  to  a  fluid  causes  it 
to  expand  or  to  contract,  it  is  thereby  rendered  rarer  or  denser 
than  the  neighbouring  parts  of  the  fluid ;  and  if  the  fluid  is  at 
the  same  time  acted  on  by  gravity,  it 
tends  to  form  an  upward  or  downward 
current  of  the  heated  fluid  ;  this  is  ac- 
companied with  a  current  from  the 
more  remote  parts  of  the  fluid  in  the 
opposite  direction.  This  action  is 
rendered  very  apparent  by  the  follow- 
ing simple  experiment : — 

Take  a  flask  partially  filled  with 
water,  mix  a  few  grains  of  bran  with 
it,  and  apply  a  lighted  spirit-lamp  to 
the  bottom  of  the  flask.  In  a  few 
minutes  the  water  will  be  seen  to 
circulate  in  the  direction  shown  by 
the  arrows  in  figure.  The  water  nearest 
the  flame  is  rendered  lighter,  and,  there- 
fore, rises  upwards,  while  the  denser 
water  falls  under  the  action  of  gravity, 
to  be  in  turn  heated  and  raised.  The 
actual  transfer  of  heat  throughout  the 
water  takes  place  by  conduction,  but  the  diffusion  is  much 
assisted  by  the  motion  of  the  fluid,  or  convection  currents,  as 
they  are  termed. 

*  Wood  and  air  space,  although  the  best  heat  conductor  in  the  list,  is 
often  used  as  a  non-conductor  lagging  for  boilers,  &c,  on  account  of  its 
cheapness  and  ease  of  application,  but  it  is  not  a  safe  lagging  for  marine 
boilers,  for  it  has  been  known  to  take  fire,  e.g.,  in  the  as.  "John  Pender," 
one  of  the  Eastern  Telegraph  Company's  cable  repairing  steamers,  in  which 
the  author  frequently  sailed  as  chief  electrician.    Charcoal,  it  only  1 4"  thick, 
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The  following  experiment  is  also  very  instructive: — Take  a 
test  tube  filled  with  water  (left  hand,  Fig.  A),  and  apply  a  spirit 


lamp  near  the  surface  of  the  water.  You  may  hold  it  there  for 
ten  minutes  or  more,  and  the  water  at  the  bottom  of  the  tube  is 
scarcely  perceptibly  warmer  than  at  first.  Now  apply  the  lamp 
to  the  bottom  of  the  tube  (right  hand,  Fig.  B) ;  in  a  few  minutes 
the  water  begins  to  boil.  Why  this  difference  ?  The  convection 
currents  set  up,  have  assisted  the  naturally  bad  conducting 
power  of  the  water  by  bringing,  in  turn,  every  portion  of  it  into 
close  proximity  with  the  source  of  heat    (see  Fig.,  p.  48). 

It  is  for  the  reasons  just  mentioned,  that  the  fire-place  in  a  boiler 
is  placed  near  the  bottom  instead  of  near  the  surface  of  the  water, 
and  it  is  of  great  moment  not  only  to  give  a  free  and  easy  path  for 
convection  currents  in  boilers,  but  to  stimulate  them  by  such  appli- 
ances as  hydro-kineters.  The  better  the  circulation  of  the  water  in 
a  boiler,  the  more  rapidly  will  it  be  heated  and  the  steam  generated. 
In  many  boilers  (such  as  those  used  on  board  steamers)  the  internal 
construction  is  so  mixed  up  with  tubes  and  stays,  that  the  water 
has  great  difficulty  in  passing  from  out-of-the-way  corners  to 
the  more  highly  heated  parts  over  the  flues ;  and,  if  circulation 
is  not  assisted,  the  convection  currents  "  short  circuit,"  as  it  were 
(to  use  an  electrical  term),  and  thus  leave  the  more  remote  por- 
tions in  comparative  chill.  For  a  similar  purpose,  large  boiler 
flues  are  provided  with  "  baffling  plates,"  to  compel  the  hot  gases 

is  not  suitable  for  boiler  lagging,  for  in  the  a. s.  "  Volta,"  belonging  to  the 
same  Company,  a  temperature  of  about  180°  F.  was  observed  on  the  surface 
when  coated  to  that  depth.  This  lagging  was  removed,  but  it  might  have 
done  very  well  if  put  on  thicker,  say  3".  Leadbetter  &  Company's  self- 
setting  non-conducting  composition,  which  looks  very  much  like  soft  chalk, 
is  said  to  do  very  well,  and  has  this  advantage,  that  it  can  be  laid  on  while 
the  boiler  is  cola.  Silicate  cotton  although  the  best  non-conductor  or  heat 
insulator  in  the  list,  is  dear  and  friable. — A.J. 
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to  take  a  circuitous  course,  in  order  that  eddies  may  be  formed, 
and  for  the  further  object  of  promoting  a  better  mixture  of  air 
with  the  inflammable  gases. 

The  art  of  promoting  a  good  draught  in  a  furnace,  or  of 
properly  ventilating  a  building  or  a  ship,  depends  upon  pro- 
moting and  guiding  the  convection  currents  in  the  proper  direc- 
tion. This  subject  is,  therefore,  of  considerable  importance  to 
engineers. 


Section  of  the  Galloway  Boiler  Showing  Circulation  of  the 

Water. 
(For  Description  and  further  Illustrations  of  this  Boiler  see  p.  SOS.) 


Lecture  V.— Questions. 

1.  What  is  meant  by  capacity  for  heat  or  thermal  capacity  ?  The  specific 
heat  of  mercury  being  '033,  how  much,  at  the  temperature  of  240°  F. ,  will 
be  sufficient  to  raise  12  lbs.  of  water  from  50°  to  5r  F.  ?    Ana.  15*98. 

2.  What  will  be  the  relative  capacities  for  heat  of  the  same  volumes  of 
air,  carbonic  oxide,  steam,  and  hydrogen  at  the  same  pressures  if  their 
densities  are  as  14*4,  14,  7,  and  1  respectively  ?  (Prove  answer  by  arith- 
metic.) Ana.  All  equal,  because  the  capacity  for  heat  of  equal  volumes  is 
inversely  as  the  density. 

3.  What  do  you  mean  by  conduction  and  convection,  as  applied  to  heat  t 

4.  Describe  an  experiment  by  which  you  would  show  that  water  is  an 
extremely  bad  conductor  of  heat.  For  what  reason  should  heat  be  applied 
from  below  when  it  is  required  to  heat  a  large  mass  of  water  rapidly  t 
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LECTURE  VI. 

Contents. — Nature  of  Heat — Heat  is  not  a  Substance — Rumford,  Davy,  and 
Joule's  Experiments— Conversion  of  Work  into  Heat— First  Law  of 
Thermodynamics— Joule's  Mechanical  Equivalent  of  Heat. 

Until  the  end  of  last  century,  two  rival  theories  had  been  en- 
tertained regarding  the  nature  of  heat.  One,  that  heat  consisted 
of  a  subtle  elastic  fluid,  termed  caloric,  penetrating  through  the 
pores  or  interstices  of  matter,  like  water  in  a  sponge;  the  other, 
that  it  was  an  internal  commotion  among  the  particles  or  mole- 
cules of  matter. 

The  former  of  these  theories,  or  hypothesis,  that  heat  is  matter, 
called  the  "  materialistic  doctrine  of  heat,"  taught  by  Professor 
Black  of  Glasgow  University  and  others,  was  most  conclusively 
overthrown  by  the  celebrated  experiments  of  Count  Rumford 
and  Davy.  It  is  very  remarkable,  however,  that  fifty  years 
elapsed  before  scientific  men  generally  became  converted  to  the 
conclusions  to  be  drawn  from  them.  It  was  not  until  Joule,  during 
the  period  extending  from  1840  to  1849,  had  supplied  several 
fresh  proofs  that  heat  is  not  a  material  substance,  but  one  form 
of  energy,  which  may  be  applied  to,  or  taken  from  bodies  in 
various  ways,  and  that  the  amount  of  energy,  in  whatever  form 
applied  or  removed,  may  be  estimated  in  mechanical  units  of 
work  or  foot-pounds,  that  what  is  now  known  as  the  Kinetic 
ilveory  of  Iieat,  became  generally  accepted,  and  the  science  of 
thermodynamics  placed  on  a  firm  basis. 

Count  Romford's  experiments  on  the  production  of  heat  by 
friction,  were  carried  out  in  the  following  manner,  and  com- 
municated to  the  Royal  Society  in  1798 : — 

In  casting  guns  it  was  usual  to  leave  a  projecting  cylindrical 
"  head  "  of  metal  at  the  muzzle,  so  as  to  insure  sound  metal  in 
the  pun.  The  guns  were  cast  in  a  vertical  position  with  the 
muzzle  end  upwards,  very  much  in  the  same  way  as  large  water 
or  gas  pipes  are  now  made.  The  effect  of  adding  the  "  head  "  to 
the  casting,  being  to  add  pressure  to  the  fluid  metal  in  the  lower 
parts,  thus  expelling  air  and  gases  towards  the  surface,  and  into 
the  "  head,"  which  was  cut  off  before  boring  out  the  gun. 

Rumford  obtained  a  casting  for  a  six-pounder  brass  gun  from 
the  military  arsenal  at  Munich,  and  surrounded  the  "head," 
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IT,  by  a  wooden  trough,  WT,  containing  about  18  lbs.  of 
water,  W,  at  60°  Fah.  The  machinery  which  rotated  the  gun,  G, 
was  driven  by  two  powerful  horses.  A  blunt  boring  tool, 
B  T,   which  was  made  of  steel,  3  5  inches  diameter,  was  forced 


W.T. 

Count  Rumford's  Experiment. 


O  for  Gun. 
N  „  Neck. 
H  „  Head. 
BT   „  Boring  tooL 


W  T  for  Wooden  trough. 
W      „  Water. 
T       „  Thermometer. 


against  the  head,  H.  This  boring  tool  was  held  firmly  in  a 
rest,  and  pressed  forward  by  means  of  a  screw  with  an  estimated 
pressure  of  10,000  lbs.  The  result  of  this  experiment  was  that, 
the  heat  generated  by  the  friction  between  the  blunt  boring  tool 
and  the  metal  of  the  head,  was  partly  conducted  through  the 
neck  connecting  the  head  with  the  gun,  and  partly  absorbed  by 
the  water  in  the  trough,  so  that  the  temperature  of  the  water 
rose  at  the  end  of  an  hour  to  107°  F.,  in  an  hour  and  a-half  to 
142°  F.,  in  two  hours  to  178°  F.,  and,  finally,  at  the  end  of  two 
and  a-half  hours  the  water  boiled.  Count  Rumford  said — "  It 
would  be  difficult  to  describe  the  surprise  and  astonishment 
expressed  in  the  countenances  of  the  by-standers  on  seeing  so 
large  a  quantity  of  water  heated,  and  actually  made  to  boil  with- 
out any  fire ! "  He  adds — "  By  meditating  on  the  results  of  these 
experiments,  we  are  naturally  brought  to  that  great  question 
which  has  so  often  been  the  subject  of  speculation,  namely — 
What  is  heat?  Is  there  any  such  thing  as  an  igneous  fluid  ?  Is 
there  anything  that,  with  propriety,  can  bo  called  caloric?" 
And,  further — "It  is  hardly  necessary  to  add  that  anything  which 
an  insulated  body  or  system  of  bodies  can  continue  to  furnish 
without  limitation,  cannot  possibly  be  a  material  substance ;  and 
it  appears  to  me  to  be  extremely  difficult,  if  not  impossible,  to 
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form  any  distinct  idea  of  anything  capable  of  being  excited,  and 
communicated  in  the  manner  heat  was  excited,  and  communi- 
cated in  these  experiments  except  it  be  motion." 

Davy's  experiment  on  the  melting  of  ice  by  friction,  announced 
by  him  in  1799,  in  his  first  published  work,  entitled — An  Essay  on 
Heat,  Light,  and  Combinations  of  Light,  was  regarded  at  the  time 
as  a  complete  refutation  of  the  materialistic  doctrine  of  heat. 


Sir  Humphrey  Davy's  Experiment. 


In  an  atmosphere  at  a  temperature  of  29°  F.,  he  rubbed 
together  two  small  slabs  of  ice  with  the  result  (as  shown  in  the 
fig.)  that  the  ice  was  melted  at  the  surfaces  of  contact,  producing 
water  at  a  temperature  of  35°  F.  Now,  as  we  saw  in  Lecture  IV., 
a  mass  of  water  contains  an  absolute  quantity  of  heat  greater 
than  an  equal  mass  of  ice,  and  it  is,  therefore,  impossible  to 
account  for  the  presence  of  the  increased  temperature  on  the 
assumption  that  heat  is  a  material  substance.  Davy  said — "  The 
immediate  cause  of  the  phenomenon  of  heat  is  motion,  and  the 
laws  of  its  communication  are  precisely  the  same  as  the  com- 
munication of  the  laws  of  motion." 

Maxwell,  in  his  Theory  of  Heat,  p.  306,  says — "  The  molecules 
of  all  bodies  are  in  a  state  of  continual  agitation.  The  hotter  the 
body  is,  the  more  violently  are  its  molecules  agitated." 

Joule's  experiments,  carried  out  between  1840  and  1849,  re- 
called the  attention  of  scientists  to  Rumford  and  Davy's  doctrine 
regarding  the  nature  of  heat,  and  gave  us  the  means  of  estimating 
with  exactness  the  quantity  of  work  required  to  generate  a  certain 
quantity  of  heat. 

We  shall  describe  only  two  of  Dr.  Joule's  famous  experiments, 
and  for  a  complete  list  of  them  we  refer  the  student  to  Sir 
William  Thomson's  article  on  "Heat,"  in  The  Encyclopaedia 
Britannica9  1880,  p.  34. 

Dr.  Joule  filled  a  copper  tube  with  a  fusible  metal  or  alloy, 
F  M  (such  as  that  used  by  the  printers  in  making  stereotype 
castings    of   types),   which  fuses  at  a   low   temperature,   and 
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revolved  the  tube  rapidly  between  the  poles,  N,  S,  of  a  strong 
electro-magnet,  E  M.  The  result  of  this  was  that  the  temper- 
ature of  the  alloy  rose  in  a  few  minutes  to  the  melting  point, 
and  the  alloy  could  be  poured  from  the  copper  tube.  What 
agency  was  at  work  to  fuse  the  metal  1  There  was  no  friction 
between  the  revolving  tube  and  any  other  part  of  the  mechanism, 
for  the  tube  rotated  quite  clear  of  the  poles  in  the  space 
between  them;  neither  was  it  due  to  any  friction  from  the 
spindle  carrying  the  copper  tube,  for,  if  the  battery  or  dynamo 
was  disconnected  (and  thus  no  magnetism  evoked)  the  tube 
might  be  revolved  at  the  same  speed  as  before,  without  any 
observable  rise  in  temperature  in  the  alloy.  One  circumstance 
was,  however,  made  very  apparent,  viz.,  that  it  required  much 
less  effort  to  revolve  the  tube  in  the  latter  case  than  in  the 
former,  and  herein  lies  the  key  to  the  whole  secret.*  A  certain 
proportion  of  the  power  devoted  to  revolving  the  tube  between 
the  magnetised  poles  is  expended  in  creating  electric  currents 
in  the  copper  tube,  and  in  the  metal  contained  therein.  These 
currents  agitate  and  vibrate  the  molecules  of  the  metal  so  very 
rapidly  amongst  themselves,  that  heat  results  from  the  forces  at 
work  overcoming  the  inter-molecular  friction. 

To  prove  that  electric  currents  are  so  generated,  we  have  only 
to  cite  the  case  of  the  now  well-known  Dynamo,  where  the  copper 

*  Tliis  experiment  is  shown  to  my  :lass 
by  merma  of  the  amnll  dynamo  Jul  in  r  to 
the  College  of  Science  and  Arts  driven  by  one 
or  two  students,  The  difference  in  the  effort 
required  by  them  to  drive  the  dynamo,  or  to 
revolve  the  metal  tube  in  the  two  causes,  is  thus 
brought  home  to  them  in  a  manner  raj  to  un- 
attainable by  any  mere  description  or  diagram. 

B     for  Battery  or  dynamo, 

EM  „    Electro  magneto. 

N,  S  „   North  and  sontn  poles, 

FM   „  Fusible  metal  In  a  copper  tube. 

P       „   Pulley. 

T  W  fl  Turn  wbeel 


Joule's  Magneto- Electric  Experiment. 
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wires  forming  the  armature,  when  revolved  between  the  power- 
ful magnetic  poles,  have  strong  currents  excited  in  them;  and  to 
show  that  such  currents  are  capable  of  producing  heat,  we  have 
only  to  pass  them  through  a  thin  metal  wire  or  an  incandescent 
lamp,  with  the  result  that  the  wire  is  heated  to  a  white  heat,  or 
even  fused,  and  the  carbon  filament  made  to  glow  with  a  brilliant 
incandescence. 

We  have  in  this  experiment  of  Dr.  Joule's  a  beautiful 
example  of  the  double  conversion  of  energy,  viz.,  (1)  mechanical 
energy  into  electrical  energy,  and  (2)  electrical  energy  into  heat 
energy. 

Joule's  favourite  experiment  was  the  conversion  of  work  into 
heat  by  the  stirring  of  water.  He  arranged  his  apparatus  in  a 
manner  similar  to  that  shown  in  the  figure. 

A  known  weight,  W,  was  allowed  to  fall  through  a  known 
height,  and  in  doing  so  to  revolve  vanes  or  paddles,  R  V,  inside 


cc 


Joule's  Water-stirring  Experiment. 


V  S  for  Vertical  scale  in  feet. 

W     „  Weight 

R      „  Rope  or  twine. 

G  P  „  Guide  pulley. 

D      „  Drum. 

H      „  Handle. 

S       „  Spindle. 


C  C  for  Copper  cylinder. 

T       „   Thermometer. 

RV  „    Revolving  vanes  or  paddles 

(8  sets). 
FP   „   Fixed  plates  (4  sets). 
DP  „   Disconnecting  pin. 
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a  copper  cylinder,  0  0,  containing  a  known  weight  of  water; 
thus  churning  the  water  against  the  fixed  plates  or  stationary 
screens,  F  P.  The  effect  of  this  churning  was  to  raise  the 
temperature  of  the  water,  by  imparting  to  it  a  certain  quantity 
of  heat,  depending  on  the  product  of  the  weight  into  the  space 
through  which  it  fell,  or  the  foot-pounds  of  work  expended. 
We  need  not  enter  into  the  many  details  of  Dr.  Joule's 
carefully  conducted  experiments,  whereby  he  eliminated  from 
his  results  the  effect  of  friction  in  the  guide  pulley,  GP,  as 
well  as  the  effects  of  radiation  and  conduction  of  heat  to  or  from 
the  apparatus  during  the  time  of  the  experiment,  &c.  It  will 
suffice  to  give  his  final  result  and  an  example. 

The  British  Association  in  1870  requested  Joule  to  reinvesti- 
gate the  subject  for  the  purpose  of  giving  greater  accuracy  to  the 
determinations  by  his  fluid  friction  method,  with  the  final  result 
of  proving  that  772-43  foot-pounds  (at  tlie  latitude  of  Manchester) 
are  equal  to  tlie  quantity  of  heat  required  to  warm  from  60°  to  61° 
Fah.  a  pound  of  water  weighed  in  vacuum.  This  has  been  termed 
"  Joule's  Mechanical  Equivalent  of  Heat,"  or,  shortly,  "  Joule's 
Equivalent."  and  is  denoted  by  the  letter,  J,  and  in  round 
numbers  we  say,  1  British  thermal  unit  =  772  fl.-lbs.  Reduced 
to  the  centimetre  gramme  second  or  (O.G.S.)  system,  it  is 
equivalent  to  about  42  million  "ergs"  or  units  of  work  for 
one  gramme  of  water  raised  in  temperature  from  0°  to  1°  0. 

For  instance,  suppose  that,  with  Joule's  apparatus  we  had  a 
weight  of  77*2  lbs.,  and  allowed  it  to  fall  through  a  height  of 
10  feet,  and  in  doing  so,  the  mechanical  work  (772  ft.-lbs)  would 
be  converted  into  heat  by  churning  1  lb.  of  water  at  60°  F.,  we- 
should  find  (if  all  extraneous  losses  were  avoided)  that  the  water 
had  risen  in  temperature  to  61°  F.,  when  the  weight  passed  the- 
10th  foot ;  or,  if  we  take  1  lb.  of  water  at  60°  F.,  and  raise  its. 
temperature  1°  F.,  by  any  method  whatever,  the  quantity  of  heat 
imparted  to  it  (viz.,  1  thermal  unit),  if  converted  into  mechanical 
energy  by  a  perfect  heat  engine,  would  perform  772  ft. -lbs.  of 
work,  or  raise  772  lbs.  1  foot. 

First  Law  of  Thermo -dynamics. — Heat  and  work  are  mutually 
convertible,  and  Joule's  equivalent  is  tfo  rate  of  exchange. 

The  importance  of  this  mutual  relation  between  heat  and  work,  cannot  be 
too  strongly  impressed  on  the  student  at  the  very  outset  of  Ins  studying 
steam  and  the  steam  engine.  In  this  lecture  it  has  been  shown,  that  the 
expenditure  of  so  many  unit*  of  irork  produces  under  the  circumstances 
noted,  an  exact  and  unvarying  equivalent  of  so  many  units  of  /teat ;  and  we 
•hall  see  in  future  lectures,  how  the  expenditure  of  so  many  units  of  heat 
produces  an  equivalent  in  units  of  work. 

.  A  familiar  illustration  of  the  foregoing  principle  of  the  mutual  converti- 
bility of  heat  and  work  is  that  of  the  Locomotive  Engine.     In  the  furnace- 
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we  have  the  production  of  heat  by  the  combustion  of  coaL  A  proportion 
of  this  heat  is  imparted  to  the  water  in  the  boiler  thus  raising  steam.  The 
steam  on  being  admitted  to  the  cylinders  parts  with  a  portion  of  its  heat 
in  the  act  of  doing  the  work  of  propelling  the  pistons,  and  thus  moving  the 
train.  Again,  when  the  train  is  nearing  a  station  the  steam  is  shut  off, 
and  the  brakes  applied.  Then  the  stored  work  is  converted  into  heat, 
which  may  be  observed  by  sparks  issuing  at  the  brakes  and  by  feeling  the 
increased  temperature  of  the  brakes,  wheels,  and  rails. 

Example  1. — Suppose  a  locomotive  burns  6  lbs.  of  coal  per  horse-power 
per  hour,  and  that  every  pound  of  coal  burned  in  the  furnace  gives  up  to 
the  water  in  the  boiler  10,000  British  units  of  heat,  we  have— 

6  lbs.  x  10,000  u  =  60,000  units  of  heat  per  H.P.  per  hour. 

But—  1  H.P.  =  33,000  ft.  lbs.  per  minute,  or 

=  33,000  x  60'  =  1 ;  980,000  ft. -lbs.  per  hour 

And—  772  ft. -lbs.  =  1  unit  of  heat. 

1;  980,000 


772 


=  2567 '2  units  of  heat  converted  into  work  every  hour. 


Consequently—      60,000  u  :  2567 '2  u  :  :  100  :  x  =4*27, 

Or  the  locomotive  only  converts  4*27  per  cent,  of  the  total  heat  generated 
in  the  furnace  into  its  equivalent  of  work  in  the  cylinder. 

Example  II. — Suppose  that  the  energy  of  the  train  when  the  brakes  are 
put  on  is  equal  to  16;  500,000  ft. -lbs. 

Then,  16;  500,000  -f-  772  =  21,373  units  of  heat,  or  an  amount  of  heat  is 
generated  at  the  brakes,  wheels,  and  rails,  &c,  which  would  raise  21373 
lbs.  of  water  100°  F. 

Note. — We  thus  see  from  these  two  examples  that  the  transformation 
from  work  into  heat  is  more  easy  and  complete  than  from  heat  into  work. 
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Lecture  VL— Questions. 

1.  Give  free-hand  sketches  with  index  of  parts,  and  a  description  in  your 
own  words  of  Romford's,  Davy's,  and  Joule's  experiments. 

2.  State  in  your  own  words  what  you  consider  heat  to  be,  and  give 
Joule's  mechanical  equivalent  for  one  British  thermal  unit 

3.  How  has  the  work  done  in  raising  the  temperature  of  a  pound  of  water 
through  one  degree  been  ascertained  ?  A  pound  of  coal  gives  out  during 
combustion,  12,000  units  of  heat ;  how  much  work  in  foot-pounds  could  be 
done  per  pound  of  coal  burned,  if  there  were  no  waste?  Am.  9,264,000  ft -lbs. 

4.  It  is  estimated  that  every  pound  of  average  steaming  coal  burned  in 
the  furnace  of  a  boiler  gives  out  13,000  units  of  heat.  It  is  found  that  a 
good  compound  engine  and  boiler  requires  2  lbs.  of  coal  per  hour  per 
indicated  horse-power.  What  is  the  efficiency  of  the  combined  boiler  and 
engine?    Ansm  9*86  per  cent. 

5.  Give  another  illustration  of  the  first  law  of  tfcermo-dynamics  than  that 
in  the  lecture,  and  work  out  an  arithmetical  example,  and  thus  show  that 
the  transformation  from  mechanical  work  into  heat  is  much  more  complete 
and  efficient  than  from  heat  into  work. 

6.  Define  a  unit  of  heat.  A  steam  engine  indicates  25  H.P.,  how  many 
units  of  heat  does  it  convert  into  useful  work  per  minute!  {Adv.  S.  and  A, 
Exam.,  1888.)    Ans.  106865. 

7.  A  steam  engine  at  the  mouth  of  a  coal  pit  is  employed  to  compress 
air  to  a  pressure  of  3  atmospheres.  The  air  becomes  heated  but  is  cooled 
down  by  water  to  a  temperature  of  100°  F.  It  is  then  conveyed  in  a  pipe 
to  the  bottom  of  the  pit  and  to  some  distance  along  its  workings,  being 
finally  caused  to  drive  the  working  piston  of  an  ordinary  high  pressure 
engine.  The  air  when  liberated  produces  a  freezing  temperature  in  its 
neighbourhood.  Apply  your  knowledge  to  explain  tliis  fact.  '  (S.  and  A. 
Exam.,  1890.) 
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Contents.— Sensible  and  Latent  Heats  of  Water  and  Steam —Temperature 
and  Pressure  of  Steam — Regnault's  Experiments  and  Table  of  his  results. 

Sensible  and  Latent  Heats  of  Water  and  Steam. — Hitherto  we 
have  dealt  with  heat  when  imparted  to  or  abstracted  from  bodies 
as  indicated  by  a  rise  or  fall  of  temperature  in  the  body.  It  has 
been  customary  to  call  this  condition  sensible  heat;  but  there  are 
exceptional  cases  in  which  temperature  does  not  vary  in  a  mass 
of  matter  when  heat  is  communicated  to  it,  from,  or  taken  from 
it,  to,  external  matter.  For  instance,  when  the  body  is  ice  at  the 
melting  point,  heat  communicated  to  it  does  not  raise  its  tem- 
perature above  32°  F.,  or,  if  the  body  be  water  at  the  boiling 
point  .in  the  open  air,  heat  slowly  communicated  to  it,  in  how- 
ever great  a  quantity,  does  not  raise  its  temperature  above 
212°  F.,  at  the  normal  pressure  of  the  atmosphere.  This  heat  i^ 
termed  latent  heat 

A  short  account  of  Professor  Black's  well-known  experiments 
carried  out  about  1762,  will  serve  to  illustrate  the  difference 
between  what  is  termed  the  "  sensible  "  and  the  "  latent"  heat  of 
a  substance. 


6ozJCE. 32°F.  5 oz .WATER  32°F. 

Black's  Experiment  on  Latent  Heat  of  Wateb, 

Black  procured  two  glass  flasks,  in  one  of  which  he  placed 
5  ozs.  of  ice  at  32°  F.,*  and  in  the  other  5  ozs.  of  water  at  the  same 

*  The  ice  was  beginning  to  melt,  and  his  estimate  of  the  temperature  at 
the  surfece  was  33°  F. 
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temperature.  He  suspended  them  within  a  short  distance  of 
each  other  in  a  room  which  remained  at  a  uniform  temperature 
of  about  47°  F.  He  observed  that  in  one  half-hour  the  water 
increased  in  temperature  by  7°F.,  but  that  it  took  twenty  half- 
hours  for  the  whole  of  the  ice  in  the  other  flask  just  to  become 
melted,  and  he  reasoned  thus — that  from  the  time  required  the 
amount  of  heat  which  had  entered  the  ice  must  have  been  twenty 
times  as  much  as  that  which  entered  the  water.  He,  therefore, 
computed  that  the  latent  heat  of  water  must  be  7  x  20  (half- 
hours)  =  140. 

Another  experiment  of  Black's  was  that  of  placing  a  lump  of 
ice  in  an  equal  weight  of  water  at  176°  F.,  with  the  result  that 
when  the  whole  of  the  ice  had  melted,  the  temperature  was  no 
greater  than  that  of  water  just  ready  to  freeze.  Therefore, 
assuming  the  final  temperature  of  the  mixture  to  have  been 
33°  F.,  we  have  J 76  -  33  =  143,  as  the  amount  of  heat  required  to 
melt  the  ice,  or  tSie  latent  lieat  of  water. 

In  this  estimate  he  was  very  near  the  truth;  for,  even  at  the 
present  day  the  mean  results  of  some  of  the  best  experimenters 
appears  to  be,  that  143  British  thermal  units  of  heat  are  absorbed, 
or  become  latent,  in  the  conversion  of  1  lb.  of  ice  into  water  at 
the  same  temperature;  and,  consequently  143B.T.TL,  are  given 
out  or  let  free  in  the  conversion  of  1  lb.  of  water  at  32°  F.,  into 
ice  at  the  same  temperature.* 


Black's  Experiment  on  the  Latent  Heat  of  Steam. 


Black's  third  experiment  consisted  in  placing  a  flat  tin  dish  on 
a  hot  plate  over  a  fire;  into  this  plate  he  put  a  small  quantity  of 
water  at  50°  F.,  and  observed  that  after  4  minutes  the  water 


143  x  5 
9 


*  The  latent  heat  of  water  by  the  Centigrade  scale  is  79*4  for 

79*4,  aay  79  unite  of  heat  required  to  convert  1  lb.  of  ice  at  0°C,  into  1  lb. 
of  water  at  the  same  temperature. 
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began  to  boil,  and  in  20  minutes  more  it  had  all  evaporated. 
Now,  since  the  water  increased  by  (212°  -  50°)=  162°  in  4 
minutes,  he  reasoned  that  it  must  have  been  receiving  heat  at 
the  same  rate  throughout  the  experiment,  or  that,  in  20  minutes 
it  had  absorbed  five  times  as  much  as  in  the  first  4  minutes 
without  any  apparent  rise  in  temperature  as  indicated  by  the 
thermometer,  or,  5  x  162  =  810 — Black's  estimate  of  the  latent 
heat  of  steam. 

In  this  last  estimate  Black  was  incorrect,  as  might  be  expected, 
from  the  rough  nature  of  his  experiment.  It  has  since  been 
found  that  the  latent  heat  of  steam  at  atmospheric  pressure  is 
966*6.  In  other  words,  it  requires  966*6  British  thermal  units 
of  heat  to  convert  1  lb.  of  water  at  212°F.,  into  steam  at  the 
same  temperature,  or  1  lb.  of  steam  at  212°  F.,  gives  out  966*6 
B.T.U.,  in  being  condensed  into  water  at  the  same  temperature.* 

The  following  definition  of  sensible  and  latent  heat  will  now 
be  quite  clear: — 

"Heat  given  to  a  substance,  and  warming  it,  is  said  to  be 
sensible  in  the  substance.  Heat  given  to  a  substance,  and  not 
warming  it,  is  said  to  become  latent  "  (Sir  Wm.  Thomson). 

Latent  heat  is  the  quantity  of  heat  which  must  be  communicated 
to  unit  mass  of  t  a  body  in  a  given  state,  in  order  to  convert  it 
into  another  state  without  changing  its  temperature  (Maxwell), 

Temperature  and  Pressure  of  Steam. — When  water  is  con- 
fined in  a  closed  vessel,  and  heated,  the  pressure  of  the  vapour 
contained  therein  continually  increases.  The  precise  temperature 
which  corresponds  to  any  particular  pressure,  has  been  made  the 
subject  of  very  careful  inquiry  by  Regnault  and  others.  Before 
quoting  Regnault's  results,  we  shall  illustrate  these  phenomena 
by  means  of  a  simple  apparatus,  termed  Marcet's  boiler. 

On  applying  heat  from  the  Bunsen  burner,  B  B,  steam  is 
generated  from  the  water,  "W,  and  the  temperature  as  it  rises  is 
noted  by  the  thermometer,  T.  Simultaneously  the  column  of 
mercury  rises  in  the  tube,  and  the  height  from  the  free  surface 
of  the  mercury  may  be  read  off  (roughly)  on  the  graduated  scale, 
G  S.  When  the  temperature  has  arrived  at  233°  F.,  the  mercury 
will  be  observed  to  have  risen  about  15  inches,  corresponding  to 

*  The  Latent  Heat  of  Steam  by  the  Centigrade  scale,   is,  therefore, 
966*6  x  5  ' 
g =  537 ;  or,  637  times  the  quantity  of  heat  absorbed  in  raising  1  lb. 

of  water  by  1°C. 

1 1  have  added  the  words  (unit  mass  of)  to  Maxwell's  definition,  because  it 
appears  deficient  without  them.  When  we  speak  of  143  as  the  latent  heat 
of  water,  and  966  as  the  latent  heat  of  steam,  it  is  understood  that  143  and 
066  units  of  heat  are  required  respectively  for  every  1  lb.  (or  unit  of  mass) 
to  change  the  state  from  solid  to  liquid,  and  from  liquid  to  gaseous.— .4.  J* 
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a  pressure  of  7-4  lbs,  (half  an  atmosphere),  or  22  lbs.  absolute; 
and  when  the  temperature  arrives  at  250°  the  mercury  will  have* 
risen  to  about  30  inches,  cor- 
responding to  a  pressure  of 
14*7  lbs.  on  the  square  inch  (1 
atmosphere),  or  29-4  lbs.  abso- 
lute (i.e.,  from  zero  pressure, 
or  what  would  correspond  to 
a  perfect  vacuum). 

If  our  glass  tube  had  been  ~         pas. 

longer,  and  the  supply  of 
mercury  in  the  bottom  of  the 
boiler  sufficient,  we  might 
have  gone  on  applying  heat 
and  registering  still  higher 
pressures   with   their  corres- 
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Marcet's  boiler. 
Mercury. 
Water. 
Steam  space. 
Thermometer  in  S  S. 
Glass  tube,abont  35  in.  long. 
Graduated  scale. 
Cock. 


ponding  temperatures,  but  the  %k#$mmtm^m?J^imfJM'  &► 

limited  experiment  has  been 
sufficient  to  show  roughly, 
that  a  rise  in  temperature 
cannot  take  place  without  a 
corresponding  rise  in  pres- 
sure. Mercurial  gauges,  such 
as  that  in  the  Marcet's  boiler, 
were  much  used  to  register 
the  pressure  of  steam  in  steam 
boilers,  before  the  introduction 

of  the  Bourdon  gauge.     (See  Marcet's  Boiler. 

our  Elementary  Manual,  Lecture  XI.) 

Regnault's  Experiments. — Our  knowledge  of  the  properties  of 
steam  is  chiefly  derived  from  experiments  made  by  Regnault  at 
the  Paris  observatory  for  the  French  Government  in  1847.     They 
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were  conducted  with  the  greatest  care,  and  involved  immense 
labour.  It  is  not  necessary  here  to  enter  into  any  minute  detail  of 
the  apparatus  he  used,  but,  generally  speaking,  it  consisted  of  a 
boiler  containing,  when  half  full,  about  33  gallons  of  water,  a  con- 
denser of  suitable  dimensions  to  condense  the  steam  as  fast  as  it 
was  formed,  and  an  air  chamber  three  times  the  size  of  the  boiler 
provided  with  force  pumps  by  means  of  which  any  desired  pressure 
could  be  produced  at  pleasure.  Pressures  were  measured  by  means 
of  a  column  of  mercury  open  to  the  atmosphere — an  arrange- 
ment admitting  of  greater  accuracy  than  any  other  method,  but 
involving  the  manipulation  of  a  column  of  mercury  some  50  feet 
in  height,  when  registering  the  very  high  pressures  to  which  he 
went,  viz.,  over  400  lbs.  on  the  square  inch.  The  air  chamber 
and  condenser  enabled  any  desired  pressure  to  be  maintained 
for  any  length  of  time.  For  his  more  accurate  measurements 
of  temperature  he  used  an  air  thermometer. 

Numerous  formulae  have  been  devised  for  connecting 
algebraically  the  relation  subsisting  between  the  temperature 
and  the  pressure  of  saturated  steam.  Many  of  them  are  defective 
in  as  far  as  they  only  apply  to  a  limited  range,*  of  which  the 
following  is  one  of  the  best  of  these  approximate  formulae,  as  it 
is  nearly  correct  for  absolute  pressures  between  6  and  60  lbs., 
and  it  may  be  also  used  for  pressures  between  60  and  120  lbs., 
by  adding  1  to  the  results. 


P 


_  (  l  +  40  V 


When  p  stands  for  the  absolute  pressure  in  lbs.  per  sq.  in. 

t      „         „  temp,  of  the  boiling  point  in  degrees  F. 

Therefore,         t  =  147\/p-  40 

Which   is  easily  worked  out  by  logarithms    for  any  particular 
case,  but  the  following,  as  given  by  Prof.  Rankine,  is  best — 

1  A  B  0 

log.  p  -  A  -  -  -  ^ 

Where  A,  B,  and  0  are  constants,  and  r,  the  absolute  temperature 
of  the  boiling  point  =  t  +  460  (see  Lecture  XII.) 

The  inverse  formula  for  finding,  r,  when  you  know  p,  is 

— *{V(^"*5)-A} 

nen 
Le 
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*Rankine's  formulae,  which  represents  Regnault's  experimental  results, 
very  closely  refers  to  the  absolute  tcmperatare,  or  -  460  F.  (see  Lecture  XII.) 
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Where 


A 

Log.  B 

Log.  C 

B 
20 

B* 
4C* 

61007 

3:43042 

5  59873 

0003441 

000001184 

Students  should  plot  out  a  curve  from  the  following  table,  repre- 
senting graphically  the  relation  between  pressure  and  temperature. 
To  do  so,  set  off  a  scale  of  temperatures  on  a  horizontal  line,  and 
on  a  vertical  line  starting  from  the  same  point  plot  the  corres- 
ponding pressures  to  the  same  scale.  Draw  vertical  lines  from 
each  of  the  former  points,  and  horizontal  lines  from  each  of  the 
latter.  Connecting  the  points  of  intersection,  we  have  a  curve, 
which  shows  at  a  glance  how  the  pressures  increase  more  rapidly 
than  the  temperatures.     See  p.  626.     See  Appendix  III.,  p.  403 


TABLE  I.— Properties  op  Saturated  Steam  prom  32° 

to  212°  F.# 

Pressors. 

Pressure. 

TnrmtA- 

TSJCPBRA- 

TTJRE. 

Inches  of 
Mercury. 

Lbs.  per 

Square  Inch, 

Absolute. 

TUBR. 

Inches  of 
Mercury. 

Lbs.  per 

Square  Inch, 

Absolute. 

Fahrenheit 

Inches. 

Lbs. 

Fahrenheit 

Inches. 

Lbs. 

32° 

181 

•089 

120° 

3430 

1-685 

35 

•204 

•100 

125 

3'9:*3 

1-932 

40 

•248 

•122 

130 

4-509 

2-215 

45 

•299 

•147 

135 

5174 

2-542 

50 

•362 

•178 

140 

5-860 

2879 

55 

•426 

•214 

145 

6-662 

3-273 

60 

•517 

•254 

150 

7-648 

3-708 

65 

•619 

-304 

155 

8-535 

4193 

70 

•733 

•360 

160 

9630 

4-731 

75 

•869 

•427 

165 

10-843 

5-327 

80 

1024 

•503 

170 

12183 

5*985 

85 

1-205 

•592 

175 

13*54 

6-708 

90 

1-410 

•693 

180 

15-291 

7511 

I       ** 

1-647 

•809 

185 

17044 

8-375 

100 

1-917 

-942 

190 

19001 

9-335 

105 

2-229 

1095 

195 

2M39 

10-385 

110 

2-579 

1-267 

200 

23*461 

11-526 

115 

2-976 

1-462 

205 
210 
212 

25-994 
28-753 
29-922 

12-770 
14126 
14700 

•  From  D.  K.  Clark1!  Rules,  Tables,  and  Data:  Blackie  &  Son* 
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TABLE  II.— Properties  of  Saturated  Steam. 


l9 

ill 

H5 

J2£* 

1 

fit 

H5 

feu 

lis 

Si* 

14 

HO 

LtW. 

Fahr. 

Lbs. 

Fahr. 

Lbs. 

Fahr. 

Lbs. 

Fahr. 

1 

1021 

44 

273-0 

88 

318-6 

132 

348-3 

2 

1263 

45 

274-4 

89 

319-4 

133 

3489 

3 

141-6 

46 

275-8 

90 

3202 

134 

349  5 

4 

1531 

47 

2771 

91 

321-0 

135 

3501 

5 

162-3 

48 

278-4 

92 

321-7 

136 

3506 

6 

1702 

49 

2797 

93 

322-5 

137 

351-2 

7 

176-9 

50 

281-0 

94 

323  3 

138 

351-8 

8 

182-9 

51 

282-3 

95 

3241 

139 

352-4 

9 

188-3 

52 

283-5 

96 

324-8 

140 

352-9 

10 

193-3 

53 

284-7 

97 

325-6 

141 

353  5 

11 

1978 

54 

285-9 

98 

326-3 

142 

354-0 

12 

202-0 

55 

287*1 

99 

327-1 

143 

354-5 

13 

205-9 

56 

288-2 

100 

327*9 

144 

355-0 

14 

209-6 

57 

2893 

101 

328-5 

145 

355-6 

14-7 

2120 

58 

290-4 

102 

3291 

146 

356  1 

15 

2131 

59 

2916 

103 

329-9 

147 

356-7 

16 

216-3 

60 

292*7 

104 

3306 

148 

357*2 

17 

2196 

61 

293*8 

105 

3313 

149 

357-8 

18 

222-4 

62 

294-8 

106 

331-9 

150 

358-3 

19 

225-3 

63 

295  9 

107 

332  6 

155 

3610 

20 

228-0 

64 

296  9 

108 

333-3 

160 

3634 

21 

230-6 

65 

298-0 

109 

334-0 

165 

366-0 

22 

2331 

66 

299-0 

110 

334-6 

170 

368  2 

23 

235-5 

67 

300  0 

111 

335*3 

175 

370-8 

24 

237  8 

68 

300*9 

112 

336  0 

180 

372-9 

25 

2401 

69 

301*9 

113 

336-7 

185 

375-3 

26 

242-3 

70 

302-9 

114 

337  4 

190 

3775 

27 

244-4 

71 

303*9 

115 

3380 

195 

379-7 

28 

246-4 

72 

304-8 

116 

338-6 

200 

381-7 

29 

248*4 

73 

395-7 

117 

339*3 

210 

386  0 

30 

250*4 

74 

306*6 

118 

339-9 

220 

389-9 

31 

252-2 

75 

307  5 

119 

340-5 

230 

393  8 

32 

2541 

76 

308-4 

120 

3411 

240 

397  5 

33 

255*9 

77 

309-3 

121 

341-8 

250 

4011 

34 

257*6 

78 

310*2 

122 

342*4 

260 

404-5 

35 

259-3 

79 

3111 

123 

3430 

270 

407*9 

36 

260-9 

80 

312-0 

124 

343-6 

280 

411-2 

37 

262-6 

81 

312-8 

125 

344-2 

290 

414-4 

38 

264-2 

82 

313*6 

126 

344-8 

300 

4175 

39 

2658 

83 

314-5 

127 

345*4 

350 

4301 

40 

267-3 

84 

315-3 

128 

3460 

400 

444-9 

41 

268-7 

85 

3161 

129 

346-6 

42 

270-2 

86 

316-9 

130 

347  2 

43 

271*6 

87 

317  8 

131 

347-8 
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TABLE  III.— Pboperties  of  Saturated  Steam. 


Boiling 
Point  of 
Water 
and  Tem- 
perature of 
Steam. 

Total  Heat 

Relative 
Volume  or 

Absolute 
Pressures. 

from  Water 

at  32°  or 
Sensible  and 

Latent  Heat 

Volnme  of 
lib. 

Weight 

of  1 

OubioFooL 

Cubic  Feet 

of  Steam 

from  1 

Latent  Heat. 

Cubic  Foot 
of  Water. 

Lbs.  per  sq. 

Tab. 

Units  of  heat 

Units  of  heat 

Cubic  feet. 

Lbs. 

Cubic  feet 

inch. 

per  lb. 

per  lb. 

1 

1021 

11125 

1042*9 

330-36 

•0030 

20600 

2 

1263 

1119-7 

1025-8 

17208 

•0058 

10730 

5 

162-3 

11309 

1000-3 

72-66 

•0138 

4530 

10 

193  3 

1140  3 

978-4 

37  84 

•0264 

2360 

Atmos.pres. 

14-700 

212*0 

11461 

965  2 

26  36 

•0380 

1642 

20 

228-0 

1150-9 

952-8 

19-72 

•0507 

1229 

25 

2401 

1154-6 

945-3 

15  99 

0625 

996 

30 

250-4 

1157*8 

937  9 

13  46 

0743 

838 

35 

259-3 

1160-5 

931-6 

11-65 

•0858 

726 
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Remarks  on  Table  III. 

Saturated  Steam  is  Bteam  in  contact  with  the  water  from  which  it  if 
generated.  Its  physical  condition  is  such,  that  it  is  ready  on  the  smallest 
increase  of  pressure,  or  decrease  of  temperature,  to  yield  some  portion  of 
liquid.     For  a  given  pressure  there  is  one  temperature  and  one  density. 

Absolute  Pressures  are  pressures  reckoned  from  a  perfect  vacuum  as 
zero.  Ordinary  steam  pressure,  as  measured  by  steam  gauges,  is  converted 
into  absolute  pressure  by  adding  15  lbs.  N.B. — In  all  questions  relative  to 
the  expansion  of  steam  (Boyle's  law,  &c.)  absolute  pressures  are  to  be  used. 

Temperature. — The  second  column  gives  the  temperature  at  which  water 
boils  under  the  given  pressure,  and  the  temperature  of  the  steam  produced. 
It  also  gives  (nearly)  the  units  of  heat  required  to  raise  1  lb.  of  water 
from  32°  to  boiling  point  under  this  pressure  wlien  32  is  subtracted. 

Example. — 1  li».  water  at  120°  raised  to  boiling  point  under  50  lbs. 
pressure.    The  units  of  heat  required  =  281  -  120  =  10 1  units. 

Total  Heat,  or  sum  of  Sensible  ami  Latent  IltaL — This  was  believed  by 
Watt  to  be  a  constant  quantity,  but  elaborate  and  careful  experiments  by 
Regnault    have    shown    that    it   increases  along  with  the  temperature. 
The  formula  used  in  the  table  for  any  temperature,  t,  is : 
Total  Heat,  or  H  =  10824  +  305  t°. 

Latent  Heat  gets  less  at  higher  temperatures  and  pressures. 

Relative  Volume. — The  last  column  gives  the  volume  of  steam  generated 
under  a  given  pressure  compared  with  the  volume  of  the  water  from  which 
it  is  produced. 
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Explanation  of  Sensible  and  Latent  Heats  by  the  Kinetic 
Theory  of  Heat. — According  to  the  kinetic  theory,  heat  is  a 
rapid  vibratory  motion  of  the  ultimate  particles  of  matter,  and 
temperature  is  the  outward  manifestation  of  this  motion.  An 
increase  or  a  decrease  in  the  temperature  of  a  body  means  an 
increase  or  a  decrease  of  molecular  kinetic  energy.  Hence,  by 
"  sensible  "  heat  is  meant  that  heat  which  is  effective  in  changing 
the  molecular  kinetic  energy  of  the  body.  The  sensible  heat 
given  to  i  lb.  of  water  between  the  temperatures  32°  F.  and 
2120  F.,  is  180  B.  T.  XL,  and  the  whole  of  this  heat  is  employed 
in  giving  a  more  rapid  vibratory  motion  to  the  molecules  of  the 
water.*  The  amount  of  work  done  in  increasing  the  kinetic 
energy  of  the  molecules  of  the  water  during  this  change  of 
temperature  may  be  mentally  pictured  in  this  way.  The  sensible 
heat  is  equivalent  to  180  x  772  =  138,960  ft.-lbs.  of  mechanical 
work,  and  corresponds  to  the  work  done  in  raising  a  weight  of 
rather  more  than  62  tons  through  a  vertical  height  of  1  foot ;  or, 
it  is  equivalent  to  the  work  done  in  projecting  a  5  lb.  shot  from 
a  gun  with  a  velocity  of  1336  ft.  per  second  !  The  whole  of  this 
work,  be  it  remembered,  has  been  done  within  the  mass  of  1  lb. 
of  water  between  the  freezing  and  boiling  points.  If,  then,  by 
any  contrivance  we  convert  the  whole  of  the  heat  given  out 
during  the  cooling  of  1  lb.  of  water  from  its  boiling  to  its  freezing 
point,  we  should  be  able  to  do  mechanical  work  to  the  extent  of 
138,960  ft.-lbs. 

We  have  shown,  that  during  the  conversion  of  a  solid  into  a 
liquid,  or  a  liquid  into  a  gas,  an  amount  of  heat  disappears 
without  in  any  way  affecting  a  thermometer  placed  in  the  mixture ; 
until,  the  change  of  state  of  the  whole  mass  has  been  completed. 
Thus,  in  converting  1  lb.  of  ice  at  320  F.  into  water,  143  B.  T.  U. 
disappear  before  a  change  of  temperature  takes  place.  In  the 
same  way,  966*6  B.  T.  U.  disappear  during  the  conversion  of  1  lb.  of 
water  at  2 1 2°  F.  into  steam  at  the  same  temperature.  The  question 
may  then  be  asked,  what  becomes  of  this  heat  ?  Evidently  no 
part  of  it  is  employed  in  increasing  the  kinetic  energy  of  the 
molecules  of  the  body,  otherwise  this  would  be  indicated  by  an 
increase  of  temperature.  The  older  physicists,  believing  that 
heat  was  a  substance — a  highly  elastic,  imponderable  and  subtle 
fluid,  called  caloric — accounted  for  the  above  phenomenon  by 
saying  that  this  "  caloric "  became  latent  or  hidden  in  some  out- 
of-the-way  holes  or  pores  of  the  body.  But  we  now  know  that 
heat  is  not  a  substance,  and  we  cannot  conceive  of  any  such 

•  We  shall  see  in  Lecture  Xa.  that  rather  less  than  180  D.  T.  U.  are 
employed  in  increasing  of  molecular  kinetic  energy  ;  but  the  difference  is 
so  fcmall  that  we  may  safely  neglect  it. 
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cavities  or  pores  in  matter  wherein  this  " caloric"  could  possibly 
conceal  itself  in  the  manner  suggested.  Further,  this  disappear- 
ance of  heat  never  occurs  except  when  there  is  a  change  of  state 
of  the  body.  To  clearly  understand  what  actually  takes  place  we 
require  to  give  a  brief  explanation  of  the  fundamental  differences 
of  the  three  states  of  matter  as  presented  to  our  senses.  Accord- 
ing to  the  theory  of  the  molecular  constitution  of  matter,  the 
distinctive  character  of  a  solid  is  the  fixedness  of  the  molecules 
relatively  to  each  other.  The  molecules  have  a  rapid  tremulous 
motion  about  their  mean  positions,  but  are  otherwise  so  firmly 
bound  to  their  neighbours  that  work  has  to  be  done  against  the 
molecular  attractions  before  they  can  be  given  greater  freedom  of 
movement  or  separated  from  each  other.  Hence,  considerable 
effort  is  required  to  separate  one  portion  of  a  solid  from  the 
remainder  of  the  mass.  Whenever  the  molecular  attractions  are 
sufficiently  overcome,  that  the  molecules  glide  freely  over  each 
other  and  move  about  throughout  the  whole  mass,  we  have  all  the 
characteristics  of  a  liquid.  The  greater  the  mobility  of  the 
molecules  the  more  perfect  is  the  liquid.  Hence,  the  difference 
between  a  solid  and  a  liquid  is  the  ease  with  which  the  parts  of 
the  latter  can  be  separated  from  each  other,  and  the  readiness 
with  which  the  whole  assumes  the  form  of  the  containing  vessel. 
With  gases,  on  the  other  hand,  the  mobility  of  the  molecules  is 
very  much  greater  than  in  the  case  of  liquids.  Here  the  mole- 
cular forces  are  repulsive,  and  these  cause  the  molecules  to 
separate  from  each  other  as  far  as  the  sides  of  the  containing 
vessel  will  permit.  Thus,  a  portion  of  gas,  however  small,  when 
allowed  to  enter  a  vessel,  however  large,  soon  diffuses  itself  equally 
throughout  the  whole  vessel,  and  this  is  true  whether  there  are 
other  gases  or  not  in  the  vessel  along  with  it. 

We  are  now  in  a  position  to  understand  what  becomes  of  the 
so-called  latent  heat.  In  converting  a  solid  into  a  liquid,  or  a 
liquid  into  a  gas,  work  has  to  be  done  in  effecting  certain  mole- 
cular actions,  as  in  overcoming  the  molecular  attractions  charac- 
teristic of  solid  substances,  or  bringing  into  play  those  molecular 
repulsions  characteristic  of  the  gaseous  state.  Hence,  during 
those  transient  states  of  matter,  the  so-called  latent  heat  dis- 
appears as  heat,  but  reappears  as  the  result  of  molecular  mechanical 
work. 

As  before,  we  may  give  a  mental  picture  of  the  vast  amount  of 
work  done  within  the  mass  of  i  lb.  of  water  during  those  physical 
changes. 

In  converting  i  lb.  of  ice  at  3  2°  F.  into  water  at  the  same 
temperature,  143  B.  T.  U.  (or,  143x772  =  110,396  ft.  lbs.  of 
work)   have  been   expended  against  the  molecular  attractions. 
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This  corresponds  to  the  work  done  in  raising  a  weight  of  about 
49  J-  tons  through  a  vertical  height  of  i  foot ;  or  the  work  done  in 
projecting  a  4  lb.  shot  from  a  gun  with  a  velocity  of  about  1330 
feet  per  second ! 

In  converting  1  lb.  of  water  at  2120  F.  into  steam  at  the  same 
temperature,  9666  B.  T.  U.  (or,  9666x772  =  746,215  ft.  lbs. 
of  work)  are  expended  in  bringing  about  this  physical  change. 
This  corresponds  to  the  work  done  in  raising  a  weight  of  rather 
more  than  333  tons  through  a  vertical  height  of  1  foot ;  or  the 
work  done  in  projecting  an  18  lb.  shot  from  a  gun  with  a  velocity 
of  more  than  1600  feet  per  second  ! 

Conversely,  when  1  lb.  of  steam  at  atmospheric  pressure 
(2 1 20  F.)  is  condensed  into  water  at  the  same  temperature,  the 
work  done  by  the  colliding  or  "  clashing  "  of  the  molecules  corre- 
sponds to  746,215  ft.  lbs.  or  966-6  B.  T.  U  * 

If,  then,  an  engine  could  convert  the  whole  of  the  heat  given 
out  during  the  reduction  of  steam  at  2120  F.  into  water  at  the 
same  temperature,  mechanical  work  to  the  extent  of  746,215  ft. 
lbs.  would  b9  done  per.  lb.  of  steam  condensed.  We  shall  after- 
wards see  that  only  a  very  small  fraction  of  this  work  can  be 
made  use  of  in  practice. 

*  We  shall  see  in  Lecture  Xa.  that  the  whole  of  the  9666  B.  T.  U.  are 
not  employed  in  molecular  work;  for  about  73  B.  T.  U.  go  to  perform  work 
external  to  the  substance. 
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Lecture  VII.— Quesi ions. 

1.  What  is  the  distinction  between  sensible  and  latent  heat  ? 

2.  Describe  an  experiment  by  which  you  could  show  that  heat  becomes 
latent  when  water  is  converted  into  steam'. 

3.  What  is  meant  by  saying  that  the  latent  heat  of  steam  is  966*6? 
Point  out  the  sources  of  error  in  Black's  experiment  when  he  tried  to  find 
the  latent  heat  of  steam. 

4.  How  would  you  ascertain  the  pressure  of  the  vapour  of  water  at  a 
temperature  above  212°  F.?  Describe  some  method  of  conducting  the 
experiment. 

5.  When  you  speak  of  the  "latent  heat  of  steam/1  what  property  of 
steam  do  you  refer  to  ?  State  the  numerical  value  of  the  latent  heat  of 
steam  at  212°  F.  A  pound  of  water  at  212°  F.  is  passed  into  20  lbs.  of 
water  at  70° F.,  what  is  the  final  temperature?    Ans.  76° '7. 

6.  From  the  table  of  Regnault's  results,  plot  out  a  curve  showing  the 
rise  in  pressure  of  steam  with  increase  of  temfierature. 

7.  How  many  pounds  of  ice  at  32°  F.  will  be  converted  into  water  at 
40°  F.  by  mixing  it  with  6  lbs.  of  water  at  160°  F.  ? 

6  lbs.  of  water  gives  up  6  (160°  -  40°)  =  720  units. 
1  lb.  of  ice  takes  up  143  +  (40  -  32)  =  151    „ 
.-.  720-M51  =  4-768  lbs. 

8.  Into  1  cwt.  of  water  at  45°  F.  is  poured  20  lbs.  of  water  at  160°  F., 
and  then  4  lbs.  of  ice  at  32°  F.  are  added.  What  is  the  final  temperature 
when  the  ice  has  just  melted  ?  ' 

Water  112    (45°  -  32°)    =    +  1456  units  of  heat  from  32°  F. 

Water    20  (160° -32°)    =    +2560 

Ice  4      x       143     =    -    572  to  convert  4  lbs.  ice  into  water. 

Total    136  lbs.  mixture  =        3444  units  left. 

...  3444  -i-  136  =  2532  above  32°  or  57°'32F. 

9.  If  the  heat  which  just  melts  8  lbs.  of  ice  at  32°  F.  were  applied  to 
80  lbs.  water  at  60°  F.,  to  what  temperature  would  the  water  rise  ? 

8  x  143  =  1144  units  of  heat  required  to  melt  the  ice. 
Now,  30  lbs.  of  water  raised  1°  F.  =  30  units  of  heat, 

.  \  1144  ~  30  =  38°  13  F.  of  rise  from  60°  F.  or  98°'13  F. 

10.  There  are  mixed  together  200  lbs.  of  water  at  100°  F.,  3  lbs.  steam 
at  atmospheric  pressure,  and  15  lbs.  of  ice  at  32°  F.  What  is  the  resulting 
temperature  when  all  the  ice  is  just  melted  ? 

The  200  lbs.  water    has  +  13,600  m,  more  than  water  at  32°  F. 
„       3    ,,    steam     ,,    +     3,438        ,,  »  »> 

„      15    „    ice  „    -     2,145     less  „  „ 


218    ,,    mixture,,         14,893     more  „ 

And  14,893  ~  218  »  68°  3  F.  above  32  =  100°'3F. 
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11.  Define  the  terms  latent  heat,  foot-pound,  thermal  unit.  Write  down 
the  number  which  expresses  the  latent  heat  of  steam  at  212°  F.,  and  explain 
how  that  number  is  arrived  at.     (S.  and  A.  Exam.,  1890.) 

12.  When  does  heat  become  latent?  What  do  you  understand  by  the 
expression  latent  heat  of  steam?  What  unit  is  adopted  for  measuring  and 
comparing  quantities  of  heat?  Write  down  the  number  expressing  the 
latent  heat  of  steam  at  212°  F.     {S.  and  A.  Exam.,  1891.) 

13.  What  is  the  thermal  unit  employed  in  this  country?  State  its 
measure  in  foot-pounds.  How  many  thermal  units  are  expended  in^con- 
verting  onejxmnd  of  water  at  60°  F.  into  one  pound  of  steam  at  212°  F.  ? 
(&  and  A.  Exam.,  1892.)    Ans.  11186. 

14.  Distinguish  between  the  sensible  and  latent  heat  of  steam.  How 
many  thermal  units  must  be  added  to  1  lb.  of  water  at  32°  F.  to  raise  it  to 
212°  F.  and  evaporate  it  into  steam?  How  many  of  these  units  go  to 
sensible  and  how  many  to  latent  heat?  {S.  and  A.  Exam.,  1893.)  Ans. 
1146*6  B.  T.  U. ;  180  B.  T.  U. ;  9666  B.  T.  U. 

15.  Write  a  brief  essay  explaining  what  you  consider  "  sensible  and 
«« latent"  heat  to  be;  and  illustrate  the  same  by  means  of  one  or  two 
examples. 
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Contents.— The  successive  effects  produced  by  the  continuous  application 
of  Heat  to  a  piece  of  very  cold  Ice  until  Dissociation  takes  place— The 
boiling  point  of  a  Liquid— Experiment  of  Water  boiling  at  pressures 
less  than  one  Atmosphere— Use  of  large  Air  Pumps  in  connection  with 
Condensers — Total  Heat  of  Evaporation. 

We  shall  best  understand  the  physical  properties  of  steam  and 
the  results  arrived  at  by  Regnault,  by  considering,  in  the  first 
place,  the  several  changes  which  take  place  in  water — from  its 
solid  condition,  ice,  until  it  becomes  dissociated  under  the  con- 
tinuous application  of  heat. 

These  figure*  are  purely  imaginary  and  not  to  scale. 


ICE 


WATER 


SATURATED  DRY 
8TEAM 


8ATURATED 
8TEAM 


Referring  to  the  figure,  suppose  that  we  put  1  lb.  of  very  cold 
ice  in  the  bottom  of  an  open-mouthed  cylinder,  and  place  a  piston 
on  it,  which,  together  with  the  pressure  of  the  atmosphere,  exerts 
a  pressure  ofp  lbs.  on  the  square  inch. 

Stage  1. — On  the  application  of  heat  to  the  bottom  of  the 
cylinder,  the  ice  is  gradually  heated  until  it  arrives  at  32°  F. 

Stage  2. — The  temperature  now  remains  constant  until  all  the 
ice  melts  and  becomes  converted  into  water.  The  bulk  of  the 
water  being  less  than  that  of  the  ice  from  which  it  is  formed, 
the  piston  descends  a  very  little.     As  we  have  already  noticed 
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in  Lecture  VII.,  143  units  of  heat  must  be  communicated  to  the 
1  lb.  of  ice  at  32°  F.  before  it  is  all  melted  into  water  at  32°  F. 

Stage  3. — Still  applying  heat,  the  water  increases  in  tempera- 
ture while  the  bulk  diminishes,  until  39°  F.  is  reached  (the 
maximum  density  point  of  water);  thereafter,  the  volume  gradu- 
ally increases,  but  in  a  very  slight  degree,  with  the  rise  in 
temperature,  until  a  little  above  212°  F.  is  reached,  the  limiting 
temperature  of  the  water  depending  on  the  pressure,  p,  lbs.  on 
the  square  inch  (see  Regnault's  tables).  Had  the  pressure  on 
the  piston  been  nothing  more  than  that  due  to  the  normal  pres- 
sure of  the  atmosphere,  viz.,  14*7  lbs.,  corresponding  to  a 
barometric  height  of  29*9  inches,  then  the  water  would  have 
been  converted  into  steam  at  a  temperature  of  212°  F. 

Stage  4. — The  temperature  remains  stationary  at  that  limit 
value,  and  the  formation  of  steam  commences,  the  piston  rising 
as  more  and  more  of  the  water  is  evaporated.  So  long  as  any 
water  remains  at  the  bottom  of  the  cylinder,  we  are  producing 
what  is  called  saturated  steam,  or  wet  steam.  This  is  the  con- 
dition of  steam  usually  supplied  to  engines  from  ordinary  boilers 
having  small  steam  space  or  no  steam  dome. 

Stage  5. — When  all  the  water  in  the  bottom  of  the  cylinder 
has  been  evaporated,  and  just  when  all  the  water  or  aqueous 
particles  held  in  suspension  with  the  steam  have  been  converted 
into  steam,  we  obtain  dry  steam,  or  what  is  sometimes  termed 
dry  saturated  steam  ;  then  966-6  units  of  heat  must  have  passed 
into  the  contents  of  the  cylinder,  for,  as  we  have  already  noticed 
in  Lecture  VII.,  966*6  units  of  heat  must  be  communicated 
to  the  1  lb.  of  water  before  it  is  all  converted  into  steam  at 
212°  F.  The  ratio  of  the  weight  of  dry  steam  to  that  of  water 
held  in  suspension  is  termed  the  "dryness  fraction."  If  x  be 
the  weight  of  dry  steam  in  1  lb.  of  wet  steam,  then  (1  -  x)  is  the 
weight  of  water  held  in  suspension.  When  -^  of  the  vapour  is 
steam,  then  ^r  is  water,  or  10%  of  water  is  in  suspension. 

Stage  6. — If  more  heat  be  added  to  the  dry  steam  in  the 
cylinder,  the  pressure,  P,  on  the  piston  remaining  the  same,  the 
temperature  will  again  begin  to  increase,  and  we  get  what  is 
termed  superheated  steam.  The  more  it  is  heated,  the  more 
nearly  do  its  properties  approach  to  those  of  a  perfect  gas.  If 
the  top  of  the  cylinder  had  been  closed  from  the  commencement 
of  stage  3,  the  pressure  would  have  risen  with  the  temperature 
until  the  commencement  of  stage  6,  in  accordance  with  Regnault*  s 
tables,  given  at  the  end  of  last  Lecture;  but  during  stage  6  we 
communicate  more  heat  to  the  steam  than  its  pressure  would 
indicate  by  the  tables.  Superheated  steam  is  not  now  much 
used  for  engines,  on  account  of  its  destructive  action  on  the 
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packing  of  the  glands,  and  working  surfaces  of  the  slide  valve 
and  cylinder.     (See  Lecture  XIV.) 

Stage  7. — Steam  cannot  be  heated  indefinitely  without  a 
molecular  change  taking  place,  termed  dissociation,  when  it 
separates  into  constituent  gases — hydrogen  and  oxygen.  This 
action  is  practically  carried  out  in  the  process  df  making  "  water 
gas,"  by  blowing  dry  steam  over  very  hot  plates  before  car- 
bonising it,  ready  for  illuminating  purposes. 

Thus  the  successive  effects  produced  by  the  continuous  appli- 
cation of  heat  to  a  piece  of  very  cold  ice  are : — 

1.  Heating  ice  up  to  32°  F. 

2.  Melting  ice,  absorption  of  latent  heat,  143  units  per  lb. 

3.  Heating  water  up  to  boiling  point. 

4.  Formation  of  saturated  steam,  no  increase  of  temperature. 

5.  Formation  of  dry  steam,  due  to  the  complete  absorption 

of  the  latent  heat,  or  966  6  units  per  lb.  of  water. 

6.  Superheated  steam,  increase  of  temperature  above  stage  3. 

7.  Dissociation  or  formation  of  hydrogen  and  oxygen. 

8.  Heating,  no  further  alteration  of  the  physical  state. 

Boiling  Point. — Before  treating  of  the  "  total  heat  of  evapora- 
tion," we  shall  digress  a  little  to  consider  what  is  meant  by  the 
boiling  point,  or  the  temperature  of  ebullition. 

The  boiling  point  of  any  liquid  is  tfiat  point  on  the  temperature 
scale,  when  Vie  tension  throughout  its  mass  just  overcomes  the  sur- 
rounding pressure.  The  temperature  of  the  boiling  point,  there- 
fore, depends  directly  on  the  pressure  under  which  the  liquid 
is  evaporated,  and  the  greater  the  pressure  the  higher  the 
temperature  at  which  it  boils. 

The  boiling  points  of  fresh  water  at  different  pressures  are 
approximately  as  follows  (compare  this  with  Eegnault's  table, 
end  of  Lecture  VII.): — 


Under  a  pressure  of  A  atmosphere, 


123°  Fah. 

160° 

179° 

212° 

249° 

273° 

291° 

306° 

319° 


It  is  thus  clear  that  water  will   boil 
below,  as  well  as  far  above,  its  normal  boil 

To  illustrate  this  take  a  glass  flask  half  full  of  water  with  a 
thermometer  in  it,  heat  it  over  a  spirit  lamp  or  Bunsen  burner 


or  give  off  steam   far 
ling  point,  212°  F. 
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until  the  water  just  begins  to  boil  and  the  temperature,  as 
registered  by  the  thermometer,  is  212°  F.  Now  attach  it,  as 
shown,  to  an  air-pump,  A  P,  by  a  flexible  india-rubber  tube,  and 
begin  extracting  the  air.  The  water  is  observed  to  boil  violently, 
although  it  may  have  cooled  down  to  as  low  as  180°  F.  This 
plan  of  attaching  it  to  the  air-pump  is  much  better  than  that 
of  placing  it  under  the  glass-bell  jar  of  the  pump,  as  it  permits 
the  thermometer  being  easily  seen  after  the  moist  steam  has 
begun  to  rise. 


If  an  air-pump  is  not  at  hand,  the  following  simple  experiment 
will  illustrate  the  fact  equally  well  to  a  class : — After  heating 
the  water  in  the  flask  to  212°  F.,  and  letting  it  boil  freely  for  a 
minute  to  expel  the  air,  cork  it  up  quickly  and  tightly,  leaving 
a  thermometer  inside.  Now  pour  cold  water  on  the  outside  of 
the  flask,  the  water  will  at  once  begin  to  boil,  although  the 
temperature  may  be  now  below  200°  F.  It  ceases  to  boil, 
however,  if  you  stop  cooling  it.  Why?  Because  the  tension  of 
the  vapour  generated  equals  that  of  the  natural  tension  of  the 
Water;  but  condense  this  vapour  by  a  second  application  of  cold 
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water,  and  again  it  begins  to  boil,  even  with  the  temperature 
below  180°  F.  A  knowledge  of  these  facts  is  most  important  to 
the  engineer,  for  it  shows  him  that  in  the  condensers  of  large 
engines,  he  must  provide  air-pumps  of  sufficient  capacity  to  carry 
off  the  steam  vapour  generated  at  even  low  temperatures.  It 
was  only  last  year  that  an  acquaintance  of  the  author's,  over- 


looking this  point,' put  in  a  set  of  very  small  air-pumps  to  a 
pair  of  marine  engines  which  he  was  constructing,  under  the 
impression  (due  to  miscalculation)  that  all  that  was  necessary  was 
to  lift  the  condensed  water,  and  that  marine  engineers  generally, 
were  putting  on  air-pumps  out  of  all  proportion  to  the  work 
to  be  done!  He  soon  discovered  his  mistake,  for,  on  the  day  01 
the  trial  trip,  he  could  not  keep  up  a  vacuum  above  a  few  inches. 
In  addition  to  the  steam  vapour  which  is  generated  at  pressures 
below  the  atmospheric  pressure,  any  air  which  may  have  come  over 
with  the  steam  at  once  expands  on  a  reduction  of  pressure,  and 
has  to  be  sucked  away  at  every  stroke,  otherwise  it  will  spoil 
the  vacuum.  We  shall  refer  to  this  point  again  when  we  come 
to  treat  of  condensers  and  air-pumps. 

The  experiment  of  raising  the  boiling  point  by  raising  the 
pressure  is  easily  done.  Procure  a  flask,  as  in  the  former 
experiment,  with  a  tight-fitting  stop  cock.  Half  fill  the  flask 
with  water,  heat  it  with  the  cock  open  until  the  water  boils 
and  all  the  air  has  been  expelled,  then  shut  the  stop  cock. 
The  steam  now  generated  rises  in  pressure  and  temperature. 
The  increasing  pressure  raises  the  boiling  point  and  thus  stops 
the  violent  ebullition,  unless  heat  is  applied  very  rapidly.  Allow 
the  temperature  to  rise,  say  to  240°  F.,  then  slightly  open  the 
cock,  ebullition  is  at  once  observed,  although  the  pressure  is 
equal  to  two  atmospheres  above  a  perfect  vacuum. 
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Lecture  VIII. — Questions. 

1.  Describe  in  your  own  words  the  several  effects  which  take  place 
in  succession  on  applying  heat  to  a  lump  of  ice  enclosed  in  a  cylinder. 
Distinguish  between  saturated  steam,  dry  saturated  steam,  and  super- 
heatedsteam. 

2.  How  much  ice  at  0°  C.  will  be  converted  into  water  at  5°  C.  by  mixing 
it  with  10  lbs.  of  water  at  80°  0.  ?    Am.  about  9  lbs. 

3.  The  latent  heats  of  1  lb.  of  water  and  1  lb.  of  steam  are  respectively 
143  and  966 '6  according  to  the  Fah.  scale;  work  out  in  full  by  proportion 
what  they  are  according  to  the  Cent,  scale.    Am.  79*4  and  537. 

4.  How  many  Britisn  units  of  heat  are  required  to  raise  1  cubic  foot 
of  water  (625  lbs.)  from  15°  C.  to  100°  C.  ?    Am.  95625. 

5.  What  is  the  resulting  temperature  on  mixing  20  cubic  feet  of  water  at 
212°  F.  with  100  cubic  feet  at  10°  C. ?    Ana.  IT  F. 

6.  The  diameter  of  a  cylinder  is  20  inches,  steam  is  admitted  at  a  pressure 
of  100  lbs.  on  the  square  inch ;  what  is  the  total  pressure  in  lbs.  ?  Ana. 
31,416  lbs. 

7.  Steam  blows  off  at  60  lbs.  pressure  from  a  boiler  by  gauge,  the 
barometer  stands  at  29  inches;  what  is  the  temperature  of  the  water  in 
the  boiler?    Am.  307°  4  F. 

8.  Account  for  the  use  of  larger  air-pumps  being  used  with  condensing 
engines  than  would  merely  suffice  to  lift  the  weight  of  water  in  the 


9.  What  is  meant  by  the  "  dryness  fraction/1  and  how  is  it  estimated? 

10.  How  many  units  of  heat  would  be  absorbed  in  raising  18  lbs.  of 
steam  of  atmospheric  pressure  from  water  at  65°  F.  ?    Am.  20,044. 

11.  How  much  water  at  55°  F.  could  just  be  brought  to  the  boiling  point 
by  the  latent  heat  given  up  by  2  lbs.  of  steam  at  atmospheric  pressure- 
being  condensed  ?     Am.  (966  x  2)  -§- 157  =  12*3  lbs. 

12.  What  are  saturated,  euperlteated,  and  wet  steam  respectively?  Why- 
is  there  a  loss  of  efficiency  in  using  wet  steam  ?  Define  a  thermal  unit,  and 
explain  the  method  of  measuring  the  latent  heat  of  steam.  {Adv.  8.  and  A. 
JBxam.,  1887.) 

13.  If  one  pound  of  Newcastle  coal  develops  12,000  units  of  heat  by  it* 
complete  combustion,  how  much  water  at60  F.  should  be  converted  into 
steam  at  212°  F.  by  the  consumption  of  1  cwt.  of  such  fuel,  assuming  that 
there  is  no  loss  of  heat  during  the  operation?  (Adv.  S.  und  A.  Mxam~ 
1887.)    Am.  1201 -6  lbs. 
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LECTURE  IX 

Contents.— Total  Heat  of  Evaporation— Quantity  of  Water  required  for 
Condensation  of  Steam,  with  Examples. 

Total  Heat  of  Evaporation. — The  total  heat  of  evaporation  is 
the  sum  of  the  sensible  and  the  latent  heats  of  evaporation,  and 
is  approximately  a  constant  quantity  for  pressures  near  the 
atmospheric  pressure. 

The  heat  required  to  elevate  the  temperature  of  1  lb.  of  water 
from  the  freezing  point,  32°  P.,  to  the  temperature  of  evaporation, 
is  called  the  sensible  Jieat,*  and  the  additional  heat  required  to 
evaporate  it  is  termed  the  latent  heat  (see  Lecture  VIL) 

The  total  heat  of  evaporation  for  water  is,  therefore,  the 
quantity  of  heat  in  thermal  units  necessary  to  raise  1  lb.  of 
water  from  the  freezing  point,  32°  P.,  to  the  particular  tempera- 
ture at  which  it  is  being  evaporated,  and  to  evaporate  it  at  that 
temperature. 

Let  H  stand  for  the  Total  heat  of  evaporation  in  B.T.U. 
S      „        „        Sensible  heat  „  „ 

L      „        „         Latent  heat  „  „ 

Then,  H  =  S  +  L. 

Now,  since  we  have  defined  a  unit  of  heat  to  be  the  quantity 
of  heat  necessary  to  raise  1  lb.  of  water  by  1°  Fah.,  the  amount  of 
heat  imparted  to  1  lb.  of  water,  in  raising  i*s  temperature  from 
32°  F.  to  212°  F.,  must  be  (212  -  32)  =  180  such  units.t 
Therefore  the  sensible  heat  of  steam  at  212°  P.,  is  said  to  be  180 
units  per  lb.  or  180.  Again,  we  saw,  Lecture  VII.,  that  the  latent 
heat  of  steam  at  212°F.  was  in  round  numbers  966  units  per  lb., 
or  966. 

*  The  reason  for  starting  from  the  freezing  point  of  water,  and  not  from 
zero  Fah.,  is  that  we  thus  avoid  the  introduction  of  the  latent  heat  of  water. 
Of  course,  if  the  water  is  of  higher  temperature  than  32°  F.  to  start  with, 
the  heat  required  to  be  applied  to  it  to  bring  it  up  to  the  point  of  evapora- 
tion is  correspondingly  less. 

t  We  here  neglect,  for  the  sake  of  simplicity,  the  addition  to  our  former 
definition  of  this  unit  (see  Lecture  IV.) — "water  at  its  maximum  density 
point,"  and,  therefore,  the  very  slight  difference  in  the  sensible  heat  caused 
by  the  increase  of  the  specific  heat  of  water  as  it  rises  in  temperature. 
This  difference  simply  amounts  to  that  between  180  units  and  180*9. 
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Therefore  the  total  heat  of  steam  at  that  temperature  must 

H  =  S  +  L 
-  180  +  986 
«  1146  Units  of  Heat. 

If  steam  is  generated  at  a  higher  temperature  than  212°  F.,  the 
sensible  heat  increases,  and  the  latent  heat  decreases. 

The  following  formula,  deduced  from  Regnault's  experiments, 
gives  approximately  the  latent  heat  of  steam  produced  at  other 
temperatures  Fah. : — 

L  =  966  -  0-7  {t  -  212°). 

Where  L,  is  the  latent  heat,  and  t}  the  temperature  of  evapora- 
tion on  Fahrenheit  scale. 

Consequently,  the  total  heat  of  evaporation,  at  any  temperature, 
f,  must  be — 

H-S  +  L 

=  (t°  -  32°)  +  966  -  0-7  (t°  -  212°) 
=  1082-4  +  0-3 t\ 

For  example. — Let  us  find  from  this  equation  the  total  heat 
of  steam  at  212°  F.  Then  t  -  212°  and  -3  x  212  =  63-6,  which, 
added  to  1082*4  =  1146,  the  number  we  got  before. 

The  following  table  gives  approximately  the  sensible,  latent, 
and  total  heats  of  evaporation  of  1  lb.  of  steam  up  to  a  pressure 
of  7  atmospheres,  t.e.,  about  88  lbs.  on  the  square  inch  above  the 
atmosphere* : — 


s. 

L. 

H. 

At  pressure  of  1  atmosphere,  •  . 

180 

966 

1146 

„     2    

217 

940 

1157 

„     8    ,,.«.. 

241 

923 

1164 

4    

259 

910 

1169 

„     6    „   .  .  •  . 

274 

900 

1174 

it     6    „   .  .  .  . 

287 

891 

1178 

7    

298 

883 

1181 

*  From  R.  Sennett  on  The  Marine  Steam  Engine. 
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We  see  from  this  table  that,  notwithstanding  the  decrease  in 
the  latent  heat,  tlie  total  heat  of  evaporation  slowly  increases. 
This  point  will  be  found  to  be  of  great  importance  in  considering 
the  expansive  properties  of  steam,  and  one  that  will  explain 
some  curious  phenomena  connected  therewith. 

Quantity  of  Water  required  for  Condensation.— We  are  now 
in  a  position  to  obtain  a  formula  for  determining  the  minimum 
weight  of  condensing  water  which  must  be  directly  mixed  with 
1  lb.  of  steam,  in  order  that  the  mixture  may  be  reduced  to 
water  at  a  certain  temperature,  or  the  temperature  of  the  hot 
well* 

The  following  is  theoretically  true : — 

The  Loss  of  Heat  from  the  Steam  =  the  Gain  of  Heat  by 
the  Water. 

Now,  let  1  lb.  of  steam  at  a  temperature  tx°  be  subjected  to 
an  injection  of  x  lbs.  of  water  at  a  temperature  *2°,  and  let  the 
result  be  water  at  a  temperature  ts°. 

Let  H  =  total  heat  reckoned  from  32°  F.,  in  1  lb.  of  steam 
at  */,  then  H  -  1082-4  +  3  tx*  B.T.U.  Hence  the  lose  of  heat 
from  1  lb.  of  steam  =  lx{H-(<8-  32)}  B.T.U.,  and  the  gam 
of  heat  by  x  lbs.  of  water  =  x  x  (ts  -  tt)  B.T.U.,  and  these 
are  equ&L 

.-.  1  x  {H  -  fc  -  32)}  =  x  x  (*8  -  *,), 

1082-4  +  -3  tx  -  ts  +  32  „ 
1114-4  +  -3*,  -  *.lu 

If  h  =  212-  P.,  then  .  -  "1" +«««»- *  lba. 

■  »"■> 

h  —  h 

N.B. — This  1178  in  the  above  formula  must  not  be  taken  as  the  total  heat 
of  steam  at  212°  F.,  bnt  only  the  numerical  outcome  of  the  equation. 

oing  » 
so  frequently  put  in  examination  papers. 
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An  example  or  two  will  illustrate  the  above  rule  and  fix  the 
principle  in  the  memory,  as  well  as  clearly  8how  the  difference 
between  the  mixing  of  two  quantities  of  water,  and  a  quantity  of 
steam  and  water.  These  questions  are  more  easily  performed  on 
the  Cent  than  on  the  Fah.  scale,  as  we  will  see  afterwards, 
owing  to  the  inconvenience  of  having  to  always  subtract  32  at 
every  turn  on  the  Fah.  scale,  to  reduce  the  temperatures  to  the 
starting  point  of  water. 

Example.— If  1  lb.  of  water  at  212°  F.  be  mixed  with  x  lbs. 
of  water  at  60°  F.,  what  is  the  value  of  x  when  the  resulting 
temperature  is  100°  FA 

The  Loss  of  Heat  from  the  Water  at  212°  F.  ^  the  Gain  of  Heat 
by  the  Water  at  60°  F. 

.:  1  x  (212°  -  100°)  -  x  x  (100°  -  60°), 

.-.  112  -  40  a, 

119 

.-.  x  -  iif  -  2-8  lbs. 
40 

Again— If  1  lb.  of  steam  at  212°  F.  be  mixed  with  x  lbs.  of 
water  at  60°  F.,  what  is  the  value  of  x  when  the  resulting  tem- 
perature is  100°  F.f 

The  Loss  of  Heat  from  the  Steam  at  212°  F.  =  tlie  Gain  of  Heat 
by  die  Water  at  60°  F. 

The  1  lb.  of  steam  at  212°  F.  loses  1  x  {1146  -  (100°  -  32)}  B.T.U. 

The  x  lbs.  of  water  at  60°  F.  gains  x  x  (100°  -  60°)  B.T.T7. 

.-.  1  x  {1146  -  (100°  -  32°)}  =  x  x  (100°  -  60°). 

.-.  1078  -  40  x, 

1078 


40 


26-95  lbs. 


We  thus  see  the  great  effect  of  the  latent  heat  of  steam.  It 
only  requires  2*8  lbs.  of  water  at  60°  to  produce  the  same  tem- 
perature result  on  water  at  212°,  that  2695  lbs.  of  water  can  do 
on  steam  at  the  same  temperature. 


Digitized  by 


Google 


QUESTIONS.  73 


Lecture  IX.— Questions. 

1.  If  a  pound  of  water  at  212°  F.  be  mixed  with  x  pounds  of  water  at  60°, 
what  is  the  value  of  x  when  the  resulting  temperature  is  120°?  Again,  if  a 
pound  of  steam  at  212°  F.  be  mixed  with  y  pounds  of  water  at  60°,  find  y 
when  the  resulting  temperature  is  120°.  Account  for  the  difference  be- 
tween x  and  y.     Ans.  x  =  1*53  lbs. ;  y  =  17*6  lbs. 

2.  What  is  the  latent  heat  of  steam  ?  If  a  quantity  of  steam  weighing 
one  pound,  and  at  temperature  of  212°  F.,  is  condensed  in  100  lbs.  of 
water  at  60°  F.,  what  is  the  resulting  temperature  ?    Ans.  71°'06. 

3.  In  a  jet  condenser  the  temperature  of  the  condensing  water  is  60°  F. 
and  that  of  the  entering  steam  is  193°  F.  Also  the  condenser  remains  at  a 
temperature  of  120°.  Under  these  conditions  find  the  weight  of  condensing 
water  per  pound  of  steam  which  enters  the  condenser.    Am.  17*53  lbs. 

4.  If  there  pass  at  the  same  time  into  the  condenser,  and  from  thence 
into  the  hot- well,  2  tons  of  water  at  55°  F.  and  1*5  cwt.  of  steam  at 
atmospheric  pressure,  what  will  be  the  resulting  temperature?  Ana.  95° '6  F. 

5.  Hot- well  106°  F.,  injection  53°,  and  steam  at  atmospheric  pressure. 
Required  number  of  pounds  of  steam  condensed  by  4  cb.  ft.  of  the  injection 
water.    Am.  12*1  lbs. 

6.  From  1886  Steam  Examination.  Temperature  of  injection  water 
60°F.f  temperature  of  hot-well  100°  F.,  latent  heat  of  exhaust  steam  1010 
units,  its  temperature  being  140°  F. ;  find  the  pounds  of  injection  water 
required  per  pound  of  steam  condensed.     Ans.  26*4  lbs. 

7.  The  cylinder  of  an  engine  is  74  inches  in  diameter,  and  the  stroke  is 
5 '5  feet;  what  is  the  capacity  of  the  cylinder  in  cubic  feet?  How  many 
pounds  of  water  must  be  evaporated  in  order  to  fill  the  cylinder  with  steam 
at  a  pressure  of  15  lbs.  absolute  (atmospheric  pressure),  it  being  given  that 
steam  of  that  pressure  occupies  1,642  tunes  the  volume  of  the  water  from 
which  it  is  generated  ?    Ans.  164*27  cubic  feet ;  6*24  lbs. 

8.  An  engine  working  without  expansion  has  a  piston  of  144  square 
inches  in  area  with  a  12-inch  stroke,  and  the  number  of  double  strokes  per 
minute  is  60.  Steam  is  supplied  at  a  temperature  of  293°  F.,  (the  volume  of 
1  lb.  of  steam  at  293°  F.  being  7  cb.  ft.),  find  units  of  heat  required  per 
minute  for  steam  from  water  at  60° F.  {Adv.  S.  and  A.  Exam.,  1889.) 
Ans.  19,753*7. 

9.  Define  the  term  "latent  heat,"  and  distinguish  between  the  heat 
expended  in  external  work  and  that  expended  in  internal  work  during 
evaporation.  Find  in  foot-pounds  the  external  work  done  in  converting 
1  lb.  of  water  at  212°  F.  into  steam  at  212°  F.,  having  given  volume  of  1 
lb.  of  water=*016  cubic  feet.  Volume  of  1  lb.  of  steam  at  212°F=26*4 
cubic  feet.  Pressure  of  steam  at  212°  F.  =  14*7  lbs.  per  square  inch.  Find 
also  the  internal  work  done.  (Adv.  8.  and  A.  Exam.,  1892).  Ans. 
55,849*65  ft.  lbs. ;  690,365*55  ft  lbs. 

10.  A  unit  of  heat  is  sometimes  expressed  in  thermal  units  and  some- 
times in  foot-pounds.  Explain  the  meaning  of  this  distinction.  How 
many  foot-pounds  of  work  are  done  in  converting  one  pound  of  water 
from  a  temperature  of  104°  F.  into  steam  at  328°  F.  corresponding  to  an 
absolute  pressure  of  100  lbs.  per  square  inch  ?  If  the  volume  of  1  lb.  of 
steam,  at  the  above  temperature  and  pressure  be  4*33  cubic  feet;  find 
external  work  done  during  formation,  and  weight  of  steam  used  per  hour 
per  horse  power.  Ans.  1,108*8 B.T.U.  =  855,993*6  ft.  lbs.;  62,352  ft.  lbs.; 
31*04  lbs. 
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LECTURE  X. 

Contents.— Examples  of  the  Quantity  of  Water  required  for  Condensation 
of  Steam  with  a  Jet  Condenser  continued— Also  with  a  Surface  Con- 
denser—Tube Surface  required  under  different  conditions. 

Now,  let  us  try  the  same  two  questions  given  in  the  last  Lecture, 
but  on  the  Cent,  scale,  if  for  no  other  purpose  than  to  observe 
the  great  advantage  of  using  that  scale. 

Either  referring  to  our  comparative  table  of  thermometer  scales, 
or  by  calculation  (Lecture  III.),  we  observe  that — 

212°  F.  corresponds  to  100°  0. 
60°  F.  „  15°-5  0. 

100°  F.  „  37°-7  C. 

and  1146  units  on  F.  scale  =  637  on  C.  scale. 

.  \  Taking  the  first  example  of  1  lb.  of  water  at  100°  0.,  mixed 
with  x  lbs.  of  water  at  15°  '5  C,  the  resulting  temperature  being 
37°-7  C,  <fcc. 

Tine  Loss  of  Heat  from  the  Water  at  100°  C.^the  Gain  of  Heat 

by  the  Water  at  15°-5  C. 

.%  1  x  (100°  -  37°-7)  =  x  x  (37°-7  -  15°-5), 

.-.  62-3  «  22-2  a, 

..  —  £j-  2-8  n» 

Again,  taking  the  second  example  of  1  lb.  of  steam  at  100°  C, 
mixed  with  x  lbs.  of  water  at  15°*5  C,  the  resulting  temperature 
being  as  before  37°  -7  C. 

The  Loss  of  Heat  from  the  Steam  at  100°  C.  =  the  Gain  of  Heat 

by  the  Water  at  15°-5  C. 

.\  1  x  (637  -  37°-7)  =  x  x  (37°-7  -  15°-5), 

.-.  599-3  =  22-2  aj, 

599-3 


22-2 


-  26-9  lbs. 


If  we  had  taken  round  numbers  on  the  Cent,  scale,  as  we  did 
on  the  Fah.  the  advantage  would  have  been  still  more  apparent. 
We  give  another  example  on  the  subject  of  our  last  lecture 
more  in  accordance  with  what  takes  place  in  actual  practice. 
The  points  we  have  hitherto  considered  were  meant  to  lead  up 
to  this  one.     We  shall   again   refer  to  this  question   of  the 
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quantity  of  water  required  for  condensation  when  we  come  to 
compare  the  relative  efnciences  of  jet  and  surface  condensers. 

Example. — A  vacuum  gauge  placed  in  the  exhaust  pipe  of  a 
low-pressure  cylinder  indicates  26  inches,  while  the  mercurial 
barometer  stands  at  30  inches.  The  temperature  of  the  hot- 
well  is  100°  F.,  what  is  the  minimum  weight  of  injection  water 
at  60°  F.  that  will  produce  this  result  per  pound  of  steam  entering 
the  condenser  f 

Let  30  in.  by  barometer  correspond  to  15  lbs.  absolute  ; 

Then,  30  in.  :  26  in.  :  :  15  :  y 

15  x  26 


30 


=  13  lbs.  vacuum. 


Therefore,  a  26-inch  vacuum  corresponds  to  a  back  pressure  of 
(15  —  13)  =s  2  lbs.  absolute.  Now,  2  lbs.  absolute  pressure  cor- 
responds closely  to  a  temperature  of  126°  F.  =  tx  (see  p.  62). 

The  Loss  of  Heat  from  the  Steam  at  126°  F.  -  the  Gain  of  Heal 
by  the  Water  at  60°  F. 

The  1  lb.  of  steam  at  126°F.  loses  1  x  {1082-4  +  -3  ^  -  (100°  -  32°)}, 
=  1052-2  B.T.U. 

The  x  lbs.  of  water  at  60°  F.  gains  x  x  (100°  -  60°), 
=  40*B.T.U. 

.-.  1052-2  =  40  x, 

,.*=^2-26.31ba 

It  will  thus  be  clear  on  comparing  this  result  with  the  last 
question  in  Lecture  IX.,  that  almost  the  same  weight  of  water 
is  required  per  pound  of  steam,  whether  the  steam  exhausts 
at  atmospheric  pressure  or  not,  for  it  is  the  966  units  of  latent 
Jieat  which  the  injection  water  has  to  contend  with,  more  than 
the  few  units  of  sensible  heat  in  the  steam. 

We  observe  that  the  hot  well  was  100°  F.  This  gives  off 
steam  vapour  corresponding  (see  Hegnault's  tables,  p.  61)  to 
an  absolute  pressure  of  -942  lbs.  on  the  square  inch,  or  about 
equivalent  to  a  28-inch  vacuum,  supposing  no  air  to  be  let  free 
from  the  water.  Of  course  if  air  is  set  free,  it  will  reduce 
the  vacuum  still  further  without  a  corresponding  rise  in  tem- 
perature, and  thus  the  advisableness,  as  we  shall  see  further  on, 
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76  LECTURE   X. 

of  freeing  from  air  as  far  as  possible  all  feed-water  to  a  boiler, 
especially  when  working  with  surface  condensers. 

In  practice  the  hot-well  water  in  sea-going  steamers  is  kept 
at  between  110°  and  120°  F.  In  order  to  do  this,  the  cubic 
capacity  of  the  jet  condenser  should  not  be  less  than  one-third 
that  of  the  cylinders  exhausting  into  it,  and  the  weight  of 
injection  water  (at  a  velocity  of  30  feet  per  second)  in  temperate 
climates  from  25  to  30  times  that  of  the  steam,  or  from  30  to  35 
times  in  the  tropics.  In  the  Red  Sea  the  temperature  of  the  sea 
water  near  surface  in  the  summer  season  often  exceeds  85°  F. 

The  jet  condenser  has  now,  however,  been  almost  entirely 
superseded  by  the  surface  condenser,  owing  to  its  many  im- 
portant advantages,  which  will  be  fully  detailed  when  we  come 
to  describe  marine  engines  using  high-pressure  steam.  Owing 
to  the  fact  that  the  condensing  water  does  not  come  into  direct 
contact  with  the  exhaust  steam,  the  temperature  of  the  former  is 
not  raised  quite  so  much  as  with  the  jet  condenser,  in  practice 
it  is  probably  never  raised  much  more  than  40°  F.,  so  that  a 
slightly  larger  quantity  of  it  is  required.  The  condensing  water 
is  forced  by  means  of  a  circulating  pump  through  a  double  or 
treble  series  of  brass  tubes  about  |  inch  external  diameter, 
and  generally  -048  inch  thick.  Usually  the  water  is  sent  first 
through  the  lower  tier  of  tubes,  and  then  through  the  upper, 
thereafter  discharging  freely  through  the  ship's  side  into  the 
sea,  so  that  the  exhaust  steam  impinges  against  the  sides  of  the 
warmer  or  upper  set  of  tubes. 

Suppose  the  exhaust  steam  to  enter  the  condenser  at  a  mean 
absolute  pressure  of  3  lbs.,  corresponding  to  a  temperature  of 
142°  F.  (^),  and  to  be  condensed  into  water  at  120°  F.  (t2) ;  also, 
that  the  circulating  water  enters  at  60°  F.  (£3),  and  is  discharged 
at  100°  F.  (£4),  how  many  pounds  of  circulating  water  will  be 
required  per  pound  of  steam? 

The  Toted  Loss  of  Heat  from  Steam  =  the  Total  Gain  by  Water. 

1  lb.  {(1082-4  +  -3*,)  -  (U  -  32)}  =  albs.  (tA  -  *A 
1  {(1082-4  +  -3  x  142)  -  (120  -  32)}  =  a  (100  -  60). 
1037  =  40  x;  .-.»  =  25-9  lbs. 

So  we  see  that  with  the  least  practicable  loss  in  heat  of  the  steam  and 
the  highest  desirable  gain  of  heat  by  the  water,  not  less  than  26  lbs.  of 
water  are  required  with  the  surface  condenser,  whereas  with  the  same 
temperature  loss  in  steam  and  rise  of  water  temperature  from  60°  to  120°, 
the  theoretical  quantity  of  water  required  with  the  jet  condenser  would 
only  have  been  about  17  lbs.  It  is  usual  to  allow  about  40  times  the  weight 
of  steam  for  general  traders  and  50  times  for  ships  always  in  the  tropics. 

Size  of  Surface  Condensers.— The  foregoing  calculations  are  simply 
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interesting  and  instructive  exercises  for  the  student  They  do  not  tell  him 
the  size  of  condensers  adopted  in  practice.  When  ordinary  low-pressure 
condensing  engines  were  used,  it  was  customary  to  specify  for  so  many 
sq.  ft.  of  condenser  surface  per  indicated  horse-power,  exhausting  at  such 
and  suoh  a  pressure— e.^.,  "  with  a  terminal  pressure  of  6  lbs.  absolute,  use 
1*5  sq.  ft  per  LH.P."  Now,  however,  since  the  introduction  of  compound 
and  multiple  expansion  engines,  such  a  "rule  of  thumb"  does  not  hold  good, 
for  it  is  evident  that  the  weight  of  steam  used  and  to  be  condensed,  varies 
considerably  for  a  given  horse-power  with  the  initial  pressure.  For  example, 
two  different  engines  indicating  the  same  power  and  having  the  same 
terminal  pressure  may  use  the  one  steam  of  60  lbs.,  and  the  other  of  200  lbs. 
initial  pressure;  consequently,  the  weight  of  steam  to  be  condensed  is  much 
less  in  the  second  case  than  in  the  first,  and,  therefore,  a  less  condenser 
surface  would  suffice  for  it  A  common  rule  is  that  of  specifying  a  certain 
condenser  surface  per  sq.  ft.  of  boiler  heating  surface,  and  the  author  finds 
that  one  eminent  firm  adopts  an  average  of  *7  sq.  ft.  per  sq  ft.  of  boiler 
heating  surface  with  natural  draught.  In  order,  however,  to  place  this 
matter  more  thoroughly  before  the  stadent  a  table  marked  "Surface 
Condensers"  has  been  added  to  this  lecture,  from  which  it  will  be 
seen  that  from  22  examples  the  most  natural  rule  seems  to  be  the  ratio 
subsisting  between  the  condenser  surface,  and  the  product  of  tlie  capacity  of 
low-pressure  cylinder  with  the  terminal  pressure,  which  gives  a  mean  of 
3*24.  It  is  very  seldom  that  engineers  go  to  the  trouble  of  measuring  either 
the  weight  of  circulating  water  or  its  rise  in  temperature. 

Lecture  X.— Questions. 

1.  What  quantity  of  water  is  required  to  obtain  one  cubic  foot  of  steam  at 
212°  F.  ?  What  quantity  of  heat  exists  in  such  steam  without  being  sensible 
to  the  thermometer  ?  How  much  water  at  60°  F.  should  you  allow  for  the 
condensation  of  each  cubic  foot  of  steam  at  212°  F.  during  the  working  of 
tn  engine,  hot-well  100°  F.  ?    Ans.  1*05  ob.  in. ;  36*7  units  of  heat ;  1  -02  lb. 

2.  The  temperature  of  the  hot  well  is  maintained  at  38°  C,  the  temp,  of 
the  condensing  water  being  10°  G.  Find  the  amount  of  water  for  conden- 
sation per  lb.  of  steam  at  atmospheric  pressure.     Ans.  21  '4  lbs. 

3.  State  the  essential  differences  between  jet  and  surface  condensation 
of  steam.  Deduce  a  formula  for  determining  the  weight  of  condensing 
water  required  in  a  surface  condenser,  in  order  to  condense  steam  at  a 
given  temperature  into  water  at  a  given  temperature.  The  vacuum 
gauge  of  a  surface  condenser  indicates  22  inches  while  the  mercurial 
Barometer  stands  at  30  inches.  The  temperature  of  hot  well  =  110°  F. 
The  condensing  water  enters  at  60°  F.  and  is  discharged  at  90°  F.  The 
weight  of  steam  passing  through  the  condenser  per  minute  =  80  lbs.  Find 
weight  of  condensing  water  required  per  hour.  Ans.  168,048  lbs.  a 
75-02  tons. 

4.  "Suppose  that  in  a  jet  and  in  a  surface  condenser  the  temperature  of 
the  exhaust  steam  is  the  same  (say  150°  F.),  also  the  temperature  of  the 
hot- well  water  (say  120°  F.),  and  the  condensing  water  (say  60°  F.)  If  the 
circulating  water  in  the  latter  only  rises  30°  F. ,  what  are  the  relative  amounts 
of  water  required  per  lb.  of  steam  ?    Ans.  17*3  lbs.  and  34  6,  or  as  1  to  2. 

5.  In  a  surface  condenser  the  tubes  are  }  inch  outside  diameter,  6  feet 
lone  and  *05  inch  thick.  How  many  such  tubes  will  be  required,  and  what 
will  be  the  total  cooling  surface  in  square  feet  supposing  the  terminal 
pressure  of  exhaust  to  be  6  lbs.,  and  the  LH.P.  1000?  Again,  suppose  the 
engine  to  require  i  lb.  of  steam  per  LH.P.  per  minute,  and  the  conditions 
as  to  temperatures  to  be  the  same  as  in  the  last  question,  how  many  pounds 
or  cubic  feet  of  circulating  water  will  have  to  pass  through  the  condenser 
per  minute?    Ans.  1,273  tubes;  1,500  sq.  ft;  1?,320  lbs.;  277  cb.  ft 
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Twenty -Two  Example*  of  the  Relative  Dimensions  of  Surface  Condensers 
to  Indicated  Horse-Power,  Heating  Surface  and  Capacity  of  Low- 
Pressure  Cylinder,  <£& 


Means 


Lbs. 

1 

7 

2 

7 

3 

7 

4 

8 

5 

8i 

6 

9 

7 

9 

8 

94 

9 

94 

10 

94 

11 

10 

12 

104 

13 

104 

14 

104 

15 

n 

16 

n 

17 

n 

18 

n 

19 

li 

20 

114 

21 

13 

22 

164 

10 


760 

574 

280 

421 

924 

430 

436 

337 

894 

396 

151 

278 

726 

1140 

293 

630 

531 

392 

346 

486 

420 

537 


517 


57 
58 
56 
96 
48 
79 
69 
88 
62 
96 
97 

106 
64 
65 
98 

104 
85 

101 
86 

112 
120 


83 


Cub.  Ft. 
78 
59-9 
26  37 
24-00 
9457 
275 
29-0 
21-8 
83-77 
23-61 
7*47 
14-2 
55-00 
94-57 
14-2 
24  05 
23-61 
23-61 
17-7 
28-85 
14-2 
14-2 


36-37 


Oob.Pt 

1-487 

1-72 
-6152 
•6152 

2-3 
•7383 
•7383 
•400 

1*863 
•400 
•2338 
•350 

1-275 

2-3 
•350 
•6152 
•400 
•400 
•400 
•6152 
•350 
•545 


•85 


Sq.Ft 

1902 

1562 

811 

1005 

2446 

1042 

792 

605 

1787 

636 

334 

457 

1454 

2094 

457 

903 

636 

636 

636 

964 

457 

910 


1024 


2  55 

2-7 

2-9 

2-38 

2-64 

2  4 

1-8 

1-8 

20 

1-6 

2-22 

1-64 

200 

1-83 

1-56 

1-43 

1-2 

1-6 

1-84 

2-0 

109 

17 


1-95 


Sq.Ft. 
3782 
2684 
1397 
1825 
3816 
1359 
1560 
1138 
3539 
1214 
513 
916 
1229 
3777 
985 
1772 
1214 
1138 
1214 
1620 
1090 
1625 


1793 


3-4 
3-7 

4-3 

5-2 

30 

4-20 

3-00 

3-0 

2-24 

2-8 

4-5 

3-0 

2-5 

21 

2-9 

3-4 

2-4 

3-2 

3-2 

2-9 

2-5 

39 


3*24 


tote 


•5 

•58 

•58 

•55 

'64 

•76 

•50 

•53 

•50 

•52 

•61 

•5 

•80 

•55 

•46 

•51 

•52 

•56 

•52 

•509 

•41 

•56 


•553 
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LECTURE  XI.* 

Contents.— Pressure  and  Volume  of  a  Gas  — Boyle's  Law— Pressure, 
Volume,  and  Density — Watt's  Diagram  of  Work,  with  Examples. 

Pressure    and    Volume. — We    saw  in   Lecture  VII.,    by  the 
experiment  with   Marcet's  boiler  and   from  Regnault's  tables, 

that  the  pressure  of  steam  increased  with  ^      

the  temperature;  we  now  come  to  consider 
the  relation  which  exists  between  pressure 
and  volume. 

To  understand  this  we  here  state  the 
first  law  in  regard  to  the  expansion  of 
gases,  viz.,  Boyle's,  and  then  give  a  class 
experiment  to  prove  it. 

Boyle's  Law. — The  pressure  of  a  por- 
tion of  a  (perfect)  gas  at  a  constant  temr 
perature  varies  inversely  as  the  space  it 
occupies. 

Or,  letp  =  pressure. 
v  =  volume. 
Thenpv  =  constant. 

To  illustrate  this  law  the  following 
simple  piece  of  apparatus  may  be  used : — 

It  consists  of  a  small  metal  box,  £,  to 
which  are  attached  two  glass  tubes,  G  T, 
one  a  little  more  than  35"  long,  and  the 
other  fully  10".  A  stop-cock,  S  C,  is 
screwed  into  the  metal  box,  and  the  short 
tube  is  provided  with  a  screw  plug,  S  P. 
The  whole  is  fixed  to  a  board,  on  which  Q-p 
there  is  a  graduated  scale  of  inches. 

Mercury  is  poured  into  the  long  tube 
and  the  screw  plug,  SP,  is  taken  out 
until  the  mercury  rises  in  both  tubes  to 
the  zero  line.  The  screw  plug  is  then 
replaced  and  encloses  a  column  of  air 
10"  high  in  the  short  tube.  Supposing 
the  barometer  to  stand  at  30",  we  now 
continue  pouring  mercury  into  the  long 
tube    until   the    level   of  the  mercury  in 


*r 


G  T  for  Glass  tubes. 


B 

SC 

SP 


Box  (air  tight). 
Stop-cock. 
Screw  plug. 


it  is   30"  above  the 


Lecture  Xa  in  Appendix  IV.  should  be  studied  before  XI. 
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80  LECTURE  XI. 

level  of  the  mercury  in  the  short  tube.  When  this  point,  35*, 
is  reached,  the  mercury  in  the  short  tube  will  be  found  to  stand 
at  5*.  The  air  in  the  short  tube  has  thus  been  subjected  to 
an  additional  pressure  of  30"  of  mercury,  i.e.,  to  an  additional 
pressure  of  one  atmosphere;  therefore,  its  pressure  has  been 
doubled.  Before  applying  this  pressure  it  occupied  10"  of  the 
tube;  hence  we  see  that  its  volume  has  been  reduced  by 
one-half  by  doubling  the  pressure  on  it,  in  accordance  with  the 
law  just  stated.  It  is  important  that  the  student  should  not 
overlook  the  fact,  that  this  law  is  true,  only  when  the  tem- 
perature remains  constant. 

Since  the  pressure  of  an  enclosed  perfect  gas  kept  at  a  constant 
temperature  varies  inversely  as  its  volume,  and  since  the  density 
or  weight  per  unit  volume  of  the  same,  varies  inversely  as  its 
volume,  it  follows  that  the  pressure  varies  directly  as  the  density. 

This  law  is  not  perfectly  fulfilled  by  any  actual  gas,  but  very 
nearly  so  by  those  gases  which  cannot  be  condensed  into  liquids, 
such  as  air.  When  a  gas  is  about  to  pass  by  condensation  into  a 
liquid  (e.g.9  steam  on  the  point  of  being  transformed  into 
water),  then  the  density  increases  more  rapidly  than  the 
pressure. 

Watt,  however,  assumed  that  Boyle's  law  held  good  in  the  case 
of  steam,  and  he  applied  it  in  a  most  ingenious  manner  to  prove 
the  economy  of  the  expansive  working  of  steam  in  a  cylinder, 
and  to  show  that  he  could  get  a  greater  amount  of  work  from 
the  steam  by  cutting  it  off  early  in  the  stroke,  and  thus  allowing 
it  to  force  the  piston  forward  during  the  remainder  of  the  stroke, 
merely  by  expansion. 

Watt's  Diagram  of  Work. — Although,  as  we  shall  see  later  on, 
steam  does  not  expand  in  strict  accordance  with  Boyle's  law 
(for  the  temperature  of  the  steam  falls  the  more  it  is  expanded, 
unless  external  heat  is  applied  to  it,  to  make  up  for  the  loss  due 
to  the  work  got  out  of  it),  yet  we  shall  gain  a  great  insight  into 
the  action  of  steam  in  an  engine  cylinder,  by  first  discussing 
"Watt's  Diagram  of  Work  done  during  Expansion,"  and  then 
applying  the  corrections  that  have  since  been  found  necessary,  in 
order  to  truthfully  represent  the  actual  state  of  matters. 

The  following  figure  will  illustrate  to  the  student  the  method 
adopted  by  Watt.  The  horizontal  line,  or  abscissa,  A  B,  indicates 
the  length  of  the  stroke,  and  is  divided  into  10  equal  parts;  the 
vertical  line,  or  ordinate,  A  0,  represents  the  pressure  of  steam 
used  by  Watt,  say  one  atmosphere,  and  is  also  divided  into  10, 
or  decimal  parts  of  an  atmosphere  of  pressure.  When  the  piston. 
has  travelled  the  distance,  C  D,  i.e.,  j%  or  £  of  the  stroke,  the 
steam  is  cut  off,  and  the  remainder  of  the  stroke  is  effected  by 
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Watt's  Diagram  of  Work. 

the  expansive  action  of  the  steam.     The  gradually  falling  curve, 

DE,  marked  "curve  of  pressures,' '  is  found  by  drawing  verticals 

from  each  of  the  divisions  of  the  stroke,  3,  4,    .    .    .    .    10,  and 

marking  them  off  in  height  corresponding  to  the  pressures,  pt 

at  these  points  by  the  following  formula,  and  joining  their  upper 

ends  by  a  curved  line : — 

constant 
p  v  «  a  constant,  or  p  =  . 

Where  v  =  the  volume  swept  out  by  the  piston  at  the  several 
points,  and  is,  therefore,  represented  by  the  different  distances, 
2,  3,    .    .    .    .    10,  from  the  commencement  of  the  stroke. 
For  example — 

Atmosphere. 

At  point  1 ,  p 1 

At  point  of  cut  off 

v  =  2 
.".  Constant  =  pv 
,.        =1x2 
„        =     2 


End  of  stroke, 

Dividing  by  the  Number  of  Parts,  viz., 
We  get  roughly  a  Mean  Pressure 
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•  This  mesa  pristine  la  leaa  than  the  true  mesa  m  explained  at  pp.  83  and  187. 
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By  adding  the  several  pressures,  and  dividing  them  by  the 
number  of  divisions  taken — viz.,  10 — we  get  the  average  pressure 
throughout  the  stroke,  =  '485  of  an  atmosphere,  or  nearly  half  an 
atmosphere.  The  economy  of  cutting  off  the  steam  before  the 
end  of  the  stroke  will,  therefore,  be  at  once  apparent,  for  we 
have  obtained  an  average  pressure  equal  to  nearly  half  that 
which  would  have  been  obtained  by  carrying  full  steam  pres- 
sure throughout  the  whole  stroke,  and  have  only  used  £  of  the 
quantity  of  steam. 

Since  work  done  is  measured  by  force  or  pressure,  multiplied 
by  the  distance  through  which  the  force  or  pressure  acts,  the 
area  of  the  rectangle,  A  D  (see  upper  part  of  Fig.,  p.  81),  being 
equal  to  the  pressure,  A  0,  if  reckoned  in  lbs.,  multiplied  by  the 
distance,  A  2,  or,  0  D  in  feet,  measures  to  scale  the  work  done 
upon  the  piston  by  the  steam  up  to  the  point  of  cut-off  in  foot- 
pounds or  units  of  work.  In  the  same  way,  the  area  of  the  rest 
of  the  figure — viz.,  D  E  B  2,  measures  to  scale  the  work  done 
upon  the  piston  by  the  steam  while  expanding  in  the  cylinder, 
also  in  foot-pounds;  for  this  area  is  equal  to  the  mean  pressure 
in  lbs.  between  the  points,  D  and  E,  multiplied  by  the  distance, 
2  B,  in  feet.  Consequently,  the  area  of  the  whole  figure, 
A  0  D  E  B,  measures  to  scale  the  whole  work  done  by  the  steam 
in  one  stroke  in  foot-pounds.  This  area  is  equal  to  the  calcu- 
lated mean  pressure  throughout  the  stroke,  multiplied  by  the 
whole  stroke,  A  B,  and  expresses  the  result  of  Watt's  diagram 
of  work.  Watt,  in  calculating  the  mean  pressure  throughout 
the  stroke,  assumed  that  the  pressure  at  each  of  the  points  into 
which  he  divided  the  stroke  commencing  with  number  1, 
remained  constant  until  it  arrived  at  the  next  in  order,  by 
which  method  he  obtained  a  less  value  than  the  true  mean, 
because  he  omitted  to  take  into  account  the  ordinate  of  pressure 
at  the  point,  A,  or  the  very  commencement  of  the  stroke.  If 
we  now  take  into  account  the  first  ordinate  at  A,  as  well  as  the 
last  one  at  10,  we  have  the  following  eleven  pressures: — 1, 1, 1, 
•6,  -5,  -4,  -3,  -29,  -25,  -2,  and  %  giving  a  total  sum  of  5-86,  which 
'sum  being  divided  by  the  number  of  ordinates,  viz.,  11,  gives  us 
a  mean  of  '532  of  an  atmosphere  instead  of  *485,  or  nearly  8  lbs. 
pressure  on  the  square  inch,  which  is  a  nearer  approximation  to 
the  true  mean. 

Let  us  take  another  example  of  Watt's  diagram  of  work,  taking 
the  first  as  well  as  the  last  pressure  ordinate  into  account,  in 
order  to  get  a  nearer  approximation  to  the  true  mean.  Suppose 
we  have  an  engine  using  steam  of  100  lbs.  pressure  per  square 
inch,  and  cutting  off  at  \  of  the  stroke,  to  find  the  curve  of 
expansion  by  Boyle's  Law  and  the  mean  pressure. 
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Dividing  by  the  Number  of  Points,  viz.,       11  |  657  2 
We  get  an  approximate  Mean  Pressure    =      59*7  lbs. 

There  are  several  rules  for  obtaining  approximately  the  means 
pressure  from  a  diagram  of  work  such  as  we  have  been  discussing. 
The  plan  most  commonly  adopted  by  engineers  (as  we  shall  see  - 
at  pp.  127  and  137)  in  finding  the  mean  pressure  from  actual 
indicator  diagrams  is,  to  measure  by  a  suitable  scale  or  rule  the 
length  of  each  of  the  ten  ordinates,  taken  at  the  centre  of  each  of 
the  ten  spaces  into  which  the  diagram  is  divided,  add  them 
together,  and  divide  by  their  number.  For  instance,  applying 
this  rule  to  the  last  example,  we  should  measure  the  length  of 
the  vertical  lines  midway  between  the  points  0  and  1,  1  and  2,  2 
and  3, 9  and  10,  add  these  ten  pressure  ordinates 
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84  LECTURE  XL 

together,  and  divide  the  sum  bj  10,  to  get  the  mean  pressure ; 
and  doing  so  (or  calculating  these  pressures  by  p  v  =  constant), 
we  find  them  to  be  respectively,  100,  100,  100,  71*43,  55-5, 
45*45,  38-46,  38-3,  29*41,  and  26*31  lbs.,  giving  a  mean  of  599 
lbs.,  or  slightly  greater  than  that  found  above. 

Simpson's  JRtde  is  as  follows: — Divide  the  length  of  the  figure  into  n 
equal  parts,  n  being  an  even  number,  and  draw  ordinates  through  the  points 
of  division  to  touch  the  boundary  lines.  Add  together  the  first  and  the  last 
ordinates,  call  the  Bum  A ;  add  together  the  even  ordinates  2,  4,  6,  Ac., 
call  the  sum  B;  add  together  the  odd  ordinates  3,  5,  7,  &o.,  except  the 

first  and  the  last,  and  call  the  sum  C;  then s =»mean  ordinate 

or  pressure.  This  quantity  multiplied  by  the  length,  L,  of  the  figure  gives 
the  area  of  the  figure,  or  what  we  would  call  the  area  of  work  in  this  case. 

Methods  of  Constructing  the  Carre  of  Pressures  and 
Volumes  by  Boyle's  Law. — We  shall  now  show  how  to  con- 
struct the  curve  for  the  relation  between  pressure  and  volume  of 
a  perfect  gas  expanding  according  to  Boyle's  law.  This  curve 
may  be  constructed  in  two  different  ways  : — 

i.  By  making  use  of  the  formula  expressing  Boyle's  law — viz., 
pv  =  &  constant,  and  thus  calculating  the  pressure  at  various 
points  during  the  expansion. 

2.  Or,  we  may  adopt  a  purely  graphical  method  for  deter- 
mining a  series  of  points  on  the  curve.  The  curve  of  expansion 
can  then  be  drawn  freehand  or  by  aid  of  French  curves,  or  by 
bending  a  thin  flexible  strip  of  wood  until  its  lower  edge  passes 
through  the  several  points.  These  two  methods  will  be  clearly 
understood  from  the  solution  of  the  following  example. 

EXAMPLE  I. — Steam  is  admitted  into  the  cylinder  of  an 
engine  at  a  pressure  of  30  lbs.  by  gauge,  and  is  cut  off  at  £  of  the 
stroke.  Draw  to  scale  the  diagram  of  work  done  during  admission 
and  expansion,  assuming  that  the  steam  expands  according  to 
Boyle's  law.  From  the  diagram  thus  constructed,  find  the 
pressures  at  f ,  §,  and  J  of  the  stroke  respectively. 

ANSWER.— First  Method,  by  Calculation. 

Draw  two  axes  O  P,  O  V,  at  right  angles  to  each  other. 
Along  O  P,  measure  off  a  distance  O  A,  to  represent  the  initial 
absolute  pressure  of  the  steam.* 

*  The  initial  pressure  as  given  by  the  question  is  30  lbs.  by  gauge.  The 
pressure  as  indicated  by  a  steam  gauge  on  a  boiler  or  cylinder  of  an  engine, 
has  for  its  starting  (or  zero)  point,  the  pressure  of  the  atmosphere — viz,, 
about  15  lbs.  per  square  inch.  We  cannot,  therefore,  base  our  calculations 
respecting  a  law  of  nature  on  such  an  arbitrary  and  variable  starting-point 
as  this.  Consequently,  we  must  refer  all  our  pressures  to  the  absolute  zero 
or  perfect  vacuum  line  before  applying  Boyle's  law.    The  absolute  zero  is 
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Along  O  V,  measure  off  a  distance  0  B,  to  represent  the 
volume  of  the  stroke.* 

Divide  0  B  into  any  number  of  parts,  equal  or  unequal  in 
length,  and  at  each  point  of  division  raise  a  perpendicular 
line  of  indefinite  length.      In  the  figure  we  have  divided  the 


u* —  T/8  6TR0K£- 

Diagram  of  Work  for  Example  I. 

stroke  into  12  equal  parts,  for  the  following  reasons:  (1)  the 
number  1 2  is  a  multiple  of  the  denominator  of  the  fraction  J  (the 
fraction  of  the  stroke  at  cut-off),  so  that  one  of  the  points  of 
division  may  coincide  with  the  point  representing  the  cut-off; 
(2)  the  number  of  points  on  the  curve  will  thus  be  sufficiently 
numerous  or  close  together  to  enable  us  to  draw  a  fairly  accurate 
curve  through  them ;  and  (3)  we  have  taken  the  parts  of  equal 
length  because  the  stroke  will  be  divided  into  convenient  and 
easily  recognised  fractions.  We  might  have  divided  the  stroke 
into  nine  or  even  ten  equal  parts,  as  is  usually  the  case  in  practice, 
but,  due  to  the  reasons  just  assigned,  we  prefer  the  larger  number 
for  the  present  case. 

Denote  the  pressures  and  volumes  at  the  points  *o,  1,  2,  3  .  .  .  . 
12,  by  the  letters  p0,  v09  Pl,  vv  pv  vv  pv  vv  .  .  .  .  pw  vlt 
respectively. 

thus  about  15  lbs.  (more  correctly  147  lbs.)  per  square  inch  below  atmo- 
spheric pressure.  Hence,  the  initial  absolute  pressure  of  steam  =  30+15 
=  45  lbs.  per  square  inch.  We  have,  therefore,  to  make  0  A  represent 
this  total  pressure. 

*  Since  the  cross  area  of  the  cylinder  is  constant  throughout  the  stroke, 
the  line  O  B  will  also  represent  to  scale  the  full  stroke  of  the  piston,  and 
the  distances  0V  02,  0„  &c.,  definite  proportions  of  the  stroke. 
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Further,  let  the  whole  volume  of  the  piston's  stroke  be  denoted 
by  the  number  12 — i.e.,  let  »„=  12.  Then,  vx=  1,  v,  =  2,  and  so 
on.  The  utility  of  this  notation  will  be  apparent  from  the 
following. 

The  point  of  cut  off  coincides  with  the  point  4  (J  x  12  =4),  as 
shown  by  the  figure.    Now  we  know  that 

P4=jd0  =  45  lbs.  absolute,  and  that  t>4  =  4, 
•••  by  Boyle* s  Law,  pv  =  &  constant 

The  Constant  =p4  v4  =  45  x  4  =  180. 

Calculate  and  tabulate  the  pressures  at  the  various  points 
during  expansion,  thus — 

const.       180         ^       1U      , 
pK  «  =  =  36*00  lbs.  abs. 

6  *5  5 

const.        180        _,  ^ 

p    =  =  -—  =  30-00    „     „ 

v6  o 

const.        180        „„.„, 
P,  =  — r  =  257i    „    „ 

const.        180 
P.  =  —  =  -g-  -  «-5o    „     ,, 

const.       180        „^.^ 
p9  = =  =  20  00    „     „ 

v9  9 

const.        180  ft 

vl0  10 

const.        180        „£L,  ti* 
p    =  =  =  16  30    „     „ 

vu  11 

const.        180 

**"  "^  =  77  =  IS°°  "  •• 

We  now  possess  all  the  data  for  completing  the  diagram.  Along 
the  perpendiculars  drawn  through  the  points  4,  5,  6  .  .  .  .  12, 
measure  off  distances  4,  4,,  5,  5„  6,  6j  ....  12,  i2x  respectively, 
to  represent  (according  to  the  scale  previously  employed  for  the 
pressure  0  A)  the  pressures  pv  p%  .  .  .  .  pw  given  above. 
Then  4^  $x  6X .  .  .  .  I2lf  are  points  on  the  expansion  curve. 
Join  A  with  point  41>  and  through  the  points  4,,  5lf  6l  .  .  .  .12,, 
draw  carefully  by  hand  (or  otherwise  as  previously  directed) 
an  unbroken  continuous  curve,  D  E.  This  is  the  expansion 
curve,  and  is  known  to  mathematicians  as  a  Rectangular 
Hyperbola.  The  area  of  the  rectangle  0  A  D  C  represents 
the  work  done  to  the  point  of  cut  off;  the  area  of  the  figure 
C  D  E  B  represents  the  work  done  during  expansion.    The  area 
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of  the  whole  figure  O  A  D  E  B  represents  to  scale  the  complete 
diagram  of  work. 

We  are  also  asked  by  the  question  to  find,  from  the  diagram 
thus  constructed,  the  pressures  at  g,  g  and  $  of  the  stroke. 

Since  the  length  of  stroke  has  been  denoted  by  the  number  12, 
we,  therefore,  get — 

3  stroke  =  §  x  12  =  4-5 
£  „  =|xi2=  7-5 
I     „      =|x  12  =  10-5 

These  points  are  easily  found,  and  are  indicated  on  the  right- 
hand  part  of  the  figure  by  the  letters  a,  0,  and  c  respectively. 
Drawing  the  ordinate*,  aalf  bbv  ccv  and  measuring  their  lengths, 
we  get,  according  to  the  scale  of  pressures,  the  following  results — 

aal  =  40*00  lbs.  abs. 
Mj-  25-00       „ 
cc,=  17-14       „* 

Second  Method:  by  Graphical  Construction. — As  before, 
draw  two  axes  O  P,  O  V,  and  measure  off  the  distances  0  A,  O  B, 
to  represent  the  initial  pressure  and  the  volume  of  stroke  re- 
spectively. Let  0  C  represent  the  volume  swept  through  by  the 
piston  to  the  point  of  cut  off.  Complete  the  rectangles  O  A  D  0, 
OAFB.  Divide  C  B  into  any  number  of  equal  or  unequal  parts, 
and  at  these  several  points  of  division  raise  perpendiculars  to 
meet  the  line  A  F.t 

To  find  points  on  the  expansion  curve,  join  the  origin  O,  with 
the  point  1',  on  the  line  A  F.  This  line  cuts  the  perpendicular 
CD,  in  the  point  1".  Through  point  1",  draw  the  line  1"  iir 
parallel  to  OV,  and  terminated  by  the  perpendicular  through 
point  1 .  The  point  ivisa  point  on  the  expansion  curve.  Similarly, 
join  O  2'.  This  line  O  2',  cuts  the  perpendicular  C  D  in  the 
point  2".  Through  2V draw  the  line  2^2 .,  parallel  to  OV,  to 
meet  the  perpendicular  2,  2',  in  point  2V  TJien,  point  2V  is  also  a 
point  on  the  expansion  curve.  By  proceeding  in  this  way,  as 
shown  by  the  figure,  we  get  the  series  of  points  i,,  2V  3t  .  .  .  „ 

*  These  are  the  exact  values,  as  may  be  readily  proved  by  calculation. 
When,  however,  the  measurements  are  carefully  made,  and  the  curve 
neatly  drawn,  such  results  should  not  differ  from  the  correct  results  by 
more  than  2  or  3  per  cent. 

t  An  inspection  of  the  curve  D  E  (in  the  previous  figure)  shows  that  it 
is  steeper  near  to  the  end  D  than  it  is  towards  the  end  E.  Hence,  if  we 
use  equidistant  ordinates,  a  greater  length  of  curve  will  lie  between  two 
consecutive  points  near  the  end  D  than  towards  the  flatter  portion  of  the 
curve  at  E.  For  this  reason,  it  is  advisable  to  have  the  points  1,  2,  3  .  .  . 
near  to  C,  much  closer  together  than  those  points  towards  the  end  B. 
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on  the  curve.    The  curve  can  then  be  drawn  through  the  points 
thus  found 


Graphic  Construction  for  Finding  Points  on  Expansion  Curve. 

The  pressures  at  f ,  §,  and  |  of  the  stroke  can  then  be  found 
as  before,  by  measuring  the  ordinates  through  the  points  a,  b, 
and  c  respectively. 

If  the  steam  was  compressed,  according  to  Boyle's  law,  from  an 
initial  volume  0  C,  the  curve  of  compression  would  be  a  continua- 
tion of  the  curve  E  D,  as  shown  in  dotted  line  by  the  figure. 
The  method  of  drawing  the  compression  curve  is  identically  the 
same  as  that  described  above  for  the  expansion  curve.  It  will  be 
sufficient  to  show  how  to  find  one  point  on  this  compression 
curve. 

Suppose  we  require  to  find  the  pressure  when  the  volume  is 
diminished  to  Od.  Through  d9  draw  the  perpendicular  D  Dl% 
cutting  A  F,  in  the  point  d'.  Join  O  d\  and  produce  it  to  meet 
C  D,  produced  in  d".  Through  d",  draw  d"dv  to  meet  d  dv  in  dv 
Then  dx  is  a  point  on  the  comprcssio?i  curve. 

Proof  of  above  Construction. — That  the  above  construction 
is  mathematically  correct  may  be  proved  as  follows : 

Let  O  A  =  Initial  pressure,  pv 
OB  =  Volume  of  stroke, 
0  C  =  Volume  to  cut  off,  vv. 

Let  the  pressure  and  corresponding  volume  at  any  other  point  H 
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of  the  stroke  be  represented  by  the  letters  pk  and  vh  respectively. 
Complete  the  rectangles  OADC,  0  A  F  B.  Find  by  the  previous 
construction  the  point  Q,  on  the  expansion  curve  corresponding 

P 


Illustrating  Proof  for  Geometrical  Construction. 

to  volume  O  H.  Produce  Q  L  to  meet  O  P  in  M.  Then  the 
area  of  the  rectangle  OADC  represents  the  product,  pl  vv  h,  i.e. 
the  pressure  x  the  volume  at  the  point  C.  We  have  now  to 
prove  that — area  of  rectangle  OMQH  =  area  of  rectangle  OADC. 
Since  OAKH,  is  a  parallelogram  having  parallelograms, 
OMLC,  LKHQ,  described  on  its  diagonal  OK,  then  the 
remaining  parallelograms  M  A  D  L,  and  C  L  Q  H  (which  make  up 
the  complete  figure  OAKH)  are  called  complementary  parallelo- 
grams. Now,  by  Euclid,  Book  I.  proposition  43,  it  is  proved  that 
the  areas  of  complementary  parallelograms  are  equal.  Hence  the 
parallelogram  C  L  Q  H  =  the  parallelogram  M  A  D  L.  Add  to  each 
side  of  this  equation  the  parallelogram  OMLC,  and  we  get — 

Area  OMQH  =Area  OADC 
i.e.  OMxOH  =  OAxOC 
Or,         pkxvk=pexve 
Which  proves  that  Q  is  a  point  on  the  expansion  curve. 

Simpler  Proof. — The  following  is  a  still  simpler  proof.     In 
the  similar  triangles  O  L  C,  and  O  K  H,  we  get — 

CL:C0  =  HK:HO    (Euclid  Vl.-a.) 
.-.  CLxHO=HKxCO 
But,  C  L=H  Q,  and  H  K  =  0  A 
.-.  HQxHO  =  0  AxOC 
•••  As  before  ph  x  vh  =pe  x  ve 
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Lecture  XI. — Questions. 


1.  State  Boyle's  law,  and  describe  an  experiment  to  show  that  the 
pressure  of  a  gas  varies  inversely  as  the  space  it  occupies. 

2.  Steam  is  admitted  into  a  cylinder  at  atmospheric  pressure,  and  is  cut 
off  at  half  stroke.  Divide  the  stroke  into  10  equal  parts,  and,  supposing  that 
the  pressure  at  the  beginning  of  each  of  these  portions  remains  uniform 
until  the  piston  reaches  the  next  in  order,  find  the  pressure  at  each  point 
as  well  as  the  mean  pressure. 

3.  The  cylinder  of  an  engine  is  25  inches  long,  and  steam  is  admitted  at 
18  lbs.  total  pressure,  the  final  pressure  being  4  lbs.  At  what  point  of 
the  stroke  was  the  steam  cut  off?    Ana.  5 '5  inches. 

4.  Steam  is  admitted  into  a  cylinder  at  a  pressure  of  25  lbs.  on  the  square 
inch  above  the  atmospheric  pressure  of  15  lbs.  on  the  square  inch,  and  is 
out  off  at  such  a  point  that  its  pressure  at  the  end  of  tne  stroke  is  5  lbs. 
below  that  of  the  atmosphere.  At  what  point  of  stroke  was  it  cut  off? 
Make  a  diagram,  showing  approximately  the  steam  pressure  on  the  piston 
throughout  the  stroke.     Ana.  '25  of  the  stroke. 

5.  The  cylinder  of  an  engine  is  25  inches  long;  steam  is  admitted  at 
18  lbs.  actual  pressure,  and  the  final  pressure  is  4  lbs.  Divide  the  stroke 
into  10  equal  parts;  find  the  steam  pressure  at  each  point  of  division,  and 
set  out  Watt's  diagram  of  work  done.  Find  also  the  mean  pressure  of  the 
steam  by  Watt's,  by  Simpson's,  and  by  the  usual  rule.    Ana.  mean  =  10  lbs. 

6.  The  stroke  of  a  piston  is  4  feet  6  inches,  the  steam  is  cut  off  at  9  inches, 
and  the  pressure  at  the  end  of  the  stroke  is  5  lbs.  below  that  of  the  atmo- 
sphere.   At  what  pressure  above  the  atmosphere  was  steam  let  in  ?    45  lbs. 

7.  Steam  is  admitted  into  the  cylinder  of  an  engine  at  a  pressure  of  45  lbs. 
per  square  inch  by  gauge,  and  is  cut  off  at  one- third  of  the  stroke.  Find  the 
pressure  in  pounds  at  half -stroke,  and  also  at  the  end  of  the  stroke.  Show 
roughly,  by  a  diagram,  that  additional  work  is  obtained  from  a  given 
quantity  of  steam — (1)  by  cutting  off  the  supply  from  the  boiler  before  the 
end  of  the  stroke ;  (2)  by  condensing  the  steam  instead  of  allowing  it  to 
escape  into  the  air.     Ana.  25  lbs.;  5  lbs.  above  atmosphere. 

8.  Explain  the  advantage  of  working  steam  expansively  and  with  con- 
densation. Steam  is  admitted  into  a  cylinder  at  30  lbs.  above  the  atmo- 
sphere, which  is  taken  at  15  lbs.  per  square  inch,  and  is  cut  off  at  a  certain 
point,  and  then  expands  to  a  pressure  of  5  lbs.  below  the  atmosphere.  If 
the  length  of  stroke  be  44  feet,  at  what  point  is  the  steam  cut  off?  Ana. 
lfoot. 

9.  The  temperature  of  a  condenser  is  100°  F.,  and  the  corresponding 
pressure  from  Regnault's  tables  is  '942  lbs.  The  vacuum  shows  26  inches  by 
gauge,  and  the  barometer  stands  at  29*9  inches;  what  part  of  the  pressure 
in  the  condenser  is  due  to  air  in  the  condenser?     Ana.  =  '975  lbs. 

10.  The  mean  steam  pressure  on  a  piston  being  26  lbs.  to  the  square  inch 
above  atmospheric  pressure,  and  the  mean  vacuum  pressure  13*5  lbs.  to  the 
square  inch,  what  is  the  total  force  exerted  on  a  piston  63  inches  in  diameter  ? 
What  would  have  been  the  force  if  the  engine  had  exhausted  at  atmospheric 
pressure?    Ana.  123,131  lbs.;  81,048  lbs. 
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LECTURE  XII. 

Contents. — Charles'  Law  of  the  Expansion  of  Gases — Absolute  Zero  of 
Temperature— Expansion  of  a  Gas  doing  External  Work — Adiabatic 
Expansion— Heat  Engines— Carnot's  Principle. 

Second  Law  of  the  Expansion  of  Gases. — This  law,  which  was 
discovered  by  Charles,  and  is  known  as  Charles'  law,  was  first 
published  by  Dalton  in  1801,  and  independently  by  Gay  Lussao 
in  1802.     It  may  be  stated  as  follows : — 

A  gas,  under  constant  pressure,  expands  by  a  definite  fraction  of 
its  volume  at  32°  Fah.,  for  a  given  increase  of  temperature.  The 
amount  of  this  increase  of  volume  has  been  the  subject  of  careful 
investigation  by  many  experimenters,  and  the  value  assigned  by 
Begnault  is  that  the  expansion  of  a  gas  between  32°  Fah.  and 
212°  Fah.  is  -3665  of  its  volume  at  32°  Fah.  We  must  also  note 
the  remarkable  fact  that  the  amount  of  expansion  is  the  same 
for  all  gases.  The  laws  of  the  expansion  of  gases  are  only 
approximately  true  for  actual  gases,  but  form  the  essential 
characteristics  of  a  perfect  gas.  The  variation  from  this  second 
law  is  very  slight  in  permanent  gases  (i.e.f  gases  which  cannot  be 
liquefied  by  cold  or  pressure),  but  is  more  considerable  in 
liquefiable  gases.  Every  gas,  however,  more  nearly  fulfils  this 
law  the  more  highly  it  is  heated  and  rarefied.  Air,  when 
perfectly  dry,  deviates  but  slightly  in  its  behaviour  from  that  of 
a  perfect  gas,  but  when  containing  moisture,  as  it  almost  always 
does  in  practice,  the  deviation  is  considerable. 

Absolute  Temperature. — We  have  seen  that  a  volume  of  gas 
falling  in  temperature  from  212°  Fah.  to  32°  Fah.,  contracts  in  the 
ratio  of  1*3665  to  1.  A  curious  question  now  arises,  viz.,  At 
what  temperature  will  the  volume  of  the  gas  diminish  to 
nothing?  The  gas  in  falling  the  180°  between  boiling  and 
freezing  points  on  the  Fahrenheit  scale,  decreases  in  volume  -36G5 
of  its  volume  at  freezing  point,  with  what  fall  in  temperature 
from  32°  would  it  decrease  to  nothing  1 

Stating  by  proportion  we  have — 


•3665 


=  491°'13  Fahrenheit 


Or,   let  x  =  temperature    from 
freezing  point; 
Then- 
ar  1_ 

x  +  180  =  1-3665 

.-.  13665  x  =  x  +  180 

•3665  x  =  180 

*=  .^=491°-13P. 


•3665 
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That  is,  when  the  temperature  has  fallen  491W3  Fah.  below 
freezing  point,  or  459°-13  below  the  zero  of  Fahrenheit's  scale, 
the  gas  will  occupy  no  space  at  all,  and  all  the  heat  will  have 
been  extracted  from  it.  This  number,  -  459°13,  or  practically 
-  460°  Fah.,  is  termed  the  absolute  zero  of  temperature,  and 
corresponds  approximately  to,  -  273°  Cent. 
The  annexed  diagram*  will  make  this  clear. 


1  1 


49£ 


220? 


114' 


32^ 


-240? 


-346: 


«-i-../.KW. VjE. 


BZ  is  a  line  of  temperatures,  F,  being  the  freezing  point  and,  B, 
the  boiling  point.     We  know  that  the  ratio  of  the  volume  of  the 

gas  at  F  to  the  volume  at  B  is   t^xcc^  tnere^ore>  *f  we  draw 

at  right  angles  to,  B  Z,  two  lines,  B  A,  and,  F  E,  to  represent 
the  relative  volumes  of  the  gas  at  these  points,  then  join  A  £,  and 
produce  it  beyond  E,  we  find  that  it  cuts  the  line  of  temperatures, 
B  Z,  at  a  point,  Z,  492°  below  freezing  point,  showing  that  at 
that  point  the  volume  of  the  gas  has  been  reduced  to  nothing. 


•From  The  Howard  Lectures—"  On  the  Conversion  of  Heat  into  Useful 
Work," by  William  Anderson,  M.  Inat  C.E.  n 
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This  absolute  zero  of  temperature  has  been  fixed  solely  by 
reasoning,  and  no  temperature  so  low  having  ever  been  obtained, 
we  can  assert  nothing  as  to  the  state  of  a  gas  when  deprived  of  all 
its  heat.  In  questions  on  thermodynamics  and  the  expansion  of 
gases,  it  is  most  convenient  to  measure  temperatures,  not  from 
the  arbitrary  zero  of  the  Fahrenheit  scale,  but  from  the  absolute 
zero  just  found,  so  that,  if  t  =  temperature  from  Fahrenheit  zero, 
r  =  absolute  temperature  Fah.     Then  r  =  t  +  460. 

We  now  have  a  means  of  estimating  the  amount  of  expansion 
of  a  gas  due  to  a  given  rise  of  temperature,  the  expansion  being 
proportional  to  the  absolute  temperature.  All  gases  expand 
^-J-g.  of  their  volume  at  32°  Fah.  for  every  increase  of  tempera- 
ture of  1°  Fah.*  We  may,  therefore,  express  the  laws  of  Boyle 
and  Charles  by  the  formula — Tlie,  product  of  the  pressure  and 
volume  of  any  gas  is  proportional  to  the  absolute  temperature,  i.e. — 

pv 
p  v  =  c  r  or  - —  =  e 
m  r 

Where  c  =  a  constant  depending  on  the  gas. 

Expansion  of  a  Gas  doing  External  Work. — Hitherto  we  have 
been  dealing  with  the  expansion  of  a  gas  in  accordance  with 
Boyle's  law,  and  we  have  drawn  the  curve  of  expansion  in 
Watt's  diagram  of  work.  The  necessary  condition  for  the 
fulfilment  of  Boyle's  law  is,  that  the  temperature  remains 
constant,  and  the  curve  representing  expansion  under  this 
condition  is  an  hyperbola,  and  is  known  in  connection  with 
this  subject  as  an  "  isot/iermal  curve"  or  curve  of  equal  tem- 
perature. Suppose  we  have  an  ideal  engine,  the  cylinder  of 
which  is  constructed  of  non-conducting  material,  so  that  no  heat 
can  enter  or  leave  the  working  gas  during  its  action,  and  that 
we  introduce  a  mass  of  air  at  a  certain  pressure,  volume,  and 
temperature,  and  allow  it  to  do  work  on  the  piston  by  its  ex- 
pansive power ;  although  no  heat  can  pass  through  the  cylinder, 
yet  we  find  that  the  temperature  of  the  working  gas  falls  con- 
siderably throughout  the  expansion.  The  explanation  is  easy. 
The  gas  in  expanding  converts  a  quantity  of  its  heat  into  actual 
mechanical  work,  and  the  amount  of  work  done  by  our  ideal 
engine  must  be  the  exact  mechanical  equivalent  of  the  heat 
lost  by  the  gas  in  the  cylinder.  Therefore,  when  a  gas  expands 
doing  external  work,  its  temperature  must  fall  (otherwise  no 
work  could  be  done),  and  the  relation  between  pressure  and 
volume  will  not  be  in  accordance  with  Boyle's  law,  unless  heat 
is  supplied  to  the  substance  during  expansion,  in  proportion  to 

*  i.e.y  The  coefficient  of  expansion  per  degree  for  a  constant  pressure 
is,  =  the  reciprocal  of  the  absolute  temperature  of  melting  ice  =  *J¥  on 
Fah.  scale,  or  7}T  on  Cent,  scale. 
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the  amount  of  work  done  by  the  gas.  This  is  a  most  important 
point,  and  is  one  of  the  claims  for  a  steam  jacket,  such  as  that 
used  by  Watt  when  working  steam  expansively;  we  shall,  how- 
ever, have  occasion  to  refer  to  this  application  of  the  principle 
later  on.  If  a  gas  expands  without  doing  any  external  work 
its  temperature  is  unaltered. 

Adiabatic  Expansion. — Expansion  doing  work  without  gain  or 
loss  of  'heat  from  an  external  source  (as  already  referred  to)  is  termed 
"adiabatic"  expansion,  and  the  curve  which  represents  tne  changes 
of  pressure  and  volume  throughout  is  termed  an  "adiabatic" 
curve,  to  distinguish  it  from  the  isothermal  curve  of  expansion 
according  to  Boyle's  law. 


b~  a  x 

Isothermal  and  Adiabatic  Curves. 

Suppose  we  have  a  volume,  OA,  of  a  gas  at  a  pressure, 
A  pf  and  expand  it  at  a  uniform  temperature,  and  let  the  changes 
of  pressure  and  volume  be  represented  by  the  isothermal  curve, 
pc.  Then,  if  the  gas  be  expanded  adiabatically,  the  changes 
of  pressure  and  volume  will  be  represented  by  the  adiabatic 
curve,  pd,  and  it  is  evident  that  this  curve  must  fall  below 
the  isothermal  since  the  gas  has  done  work.  If^  how- 
ever, we  compress  the  gas  from  the  volume  O  A  to  the  volume 
O  B,  we  are  now  doing  work  upon  it,  and  the  equivalent  of  the 
work  done  upon  the  gas  is  imparted  to  it  in  the  form  of  an  addi- 
tional quantity  of  heat.  If  the  compression  takes  place  at  uniform 
temperature  this  additional  heat  must  escape,  and  the  changes 
of  pressure  and  volume  will  be  represented  by  the  isothermal 
curve,  p  a.  If,  however,  the  compression  takes  place  under  the 
condition  that  no  heat  can  escape,  then  the  changes  of  pressure 
and  volume  will  be  represented  by  the  adiabatic  curve,  pf,  and 
this  curve  rises  above  the  isothermal.      For,  the  effect  is  the 
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same  as  if  the  gas  had  first  been  compressed  at  constant  tem- 
perature and  then  a  certain  quantity  of  heat  had  been  taken  up 
by  it  while  its  volume  was  kept  constant.  Thus,  we  see  that  the 
adiabatic  curves  are  more  inclined  to  the  line  of  volumes  than 
the  isothermals,  and,  therefore,  to  diminish  the  volume  of  a  gas 
by  a  given  amount,  requires  a  greater  increase  of  pressure  when 
the  gas  is  prevented  from  losing  heat,  than  when  it  is  kept  at  a 
constant  temperature.  We  infer  from  this,  that  even  in  a 
conducting  cylinder,  if  the  compression  takes  place  very  suddenly, 
before  the  heat  has  time  to  escape,  a  greater  pressure  will  be 
required  to  compress  it  than  if  the  action  were  gradual.  For  a 
complete  study  of  this  part  of  the  subject  we  would  refer  the 
student  to  the  larger  treatises.* 

Heat  Engines. — We  propose  now  to  discuss  an  ideal  or 
imaginary  engine,  for  the  conversion  of  heat  into  mechanical 
work,  and  shall  calculate  the  work  done  by  the  engine. 


A 

| 

y 

b 

i 
i 

Volumes 

1 

}      4 

c. 

B 
d 

c 

>               < 

»       1 

r    i 

I 

n     * 

Imaginary  Heat  Engine. 

Let  A  B  be  the  working  cylinder  of  the  heat  engine,  having 
a  volume  of  a  perfect  gas,  say  air  between  the  cover,  A,  and  the 
piston,  P.  The  cylinder  must  be  constructed  of  non-conducting 
material,  so  as  to  allow  of  adiabatic  expansion,  but  yet  it  must 
be  capable  of  transmitting  heat  to  and  from  the  working  substance 
at  certain  intervals  of  the  stroke.  We  see,  therefore,  that  these 
special  conditions  of  working  are  contradictory,  but,  as  the  engine 
is  purely  imaginary,  we  shall  suppose  that  this  difficulty  has  been 
overcome. 

*  Such  as  Bankine  on  The  Steam  Engine,  Cotterill  on  The  Steam  Engine 
considered  as  a  Heat  Engine,  Maxwell  on  HeaL 
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Starting  then  with  the  piston  in  position,  1,  we  have  a  volume 
of  gas,  0/  (see  diagram  below  cylinder),  at  a  pressure,  /a,  and 
absolute  temperature,  rv  As  the  crank  moves  from  position  1 
to  position  2  (upper  diagram),  the  air  is  compressed,  and,  since 
no  heat  can  escape,  the  relation  between  pressure  and  volume 
is  represented  by  the  adiabatic  curve,  a  b  (lower  fig.)  When 
the  piston  has  reached  point  2,  the  absolute  temperature  of  the 
working  substance  has  risen  to  rT  During  the  movement  of  the 
piston  from  point  1,  to  point  2,  work  has  been  spent  upon  the 
working  substance,  and  this  we  may  call  negative  work.  The 
working  substance  now  forces  the  crank  further  round  and 
begins  to  expand.  The  effect  of  this  would  be  to  make  the 
temperature  fall,  but  throughout  the  expansion  from  2  to  3, 
heat  is  supplied  to  the  working  substance  in  sufficient  quantity 
to  maintain  the  temperature  uniform,  and  the  relation  between 
volume  and  pressure  is  represented  by  the  isothermal  curve,  b  c. 
During  this  process  the  substance  is  doing  work,  and  this  we 
reckon  as  positive.  In  order  to  maintain  this  isothermal  curve 
a  quantity  of  heat,  H,  has  been  taken  up  by  the  working  sub- 
stance. When  the  piston  arrives  at  point  3,*  the  supply  of  heat 
to  the  working  substance  is  stopped,  and  the  expansion  continues 
without  gain  of  heat,  therefore  the  temperature  falls.  The  relation 
between  the  pressure  and  volume  at  this  part  of  the  stroke,  is 
represented  by  the  adiabatic  curve,  c  d.  When  the  temperature 
has  fallen  to  rx  (the  temperature  from  which  we  started)  the 
piston  will  have  arrived  at  the  end  of  its  stroke,  and  the  work 
having  been  done  by  the  substance  will  be  reckoned  positive. 
The  crank  is  now  in  position  4,  and  on  passing  that  point 
causes  the  piston  to  move  back  and  to  compress  the  air  in  the 
cylinder.  This  compression  would  cause  a  rise  of  temperature, 
but  the  additional  heat  imparted  to  the  substance  is  abstracted 
during  the  compression,  and  the  relation  between  pressure  and 
volume  is  exhibited  by  the  isothermal  curve,  d  a.  Since,  before 
beginning  the  return  stroke  the  working  substance  had  the  same 
temperature  as  that  from  which  we  started,  therefore,  when  the 
piston  arrives  at  point  1,  the  working  substance  has  returned 
exactly  to  its  original  state  as  regards  volume,  pressure,  and 
temperature.  During  this  latter  portion  of  the  stroke  work 
has  been  spent  upon  the  substance,  and  must,  therefore,  be 
considered  negative,  and  simultaneously  a  quantity  of  heat  (say  h) 
has  been  abstracted  from  the  working  substance. 

Such  a  series  of  operations  as  this,  by  which  the  working 

*  Point  3  must  be  to  chosen  that  adiabatic  expansion  frcn  3  to  4  will 
cause  the  temperature  to  fall  to  rA°. 
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substance,  after  undergoing  successive  states  of  pressure,  volume, 
and  temperature,  is  finally  brought  back  in  all  respects  to  its 
original  state,  is  termed  a  cycle  of  operations.  When  the  changes 
of  state  can  be  passed  through  in  either  direction,  the  cycle  is 
said  to  be  reversible.  In  the  diagram  of  the  expansion  of  the  gas, 
the  figure,  abed,  represents  the  cycle,  for,  while  we  started  with 
a  pressure,  a/,  volume,  Of,  and  temperature,  rv  we  arrived  at 
the  close  of  our  operations  with  the  same  pressure,  volume,  and 
temperature.  The  working  substance  is  performing  work  on  the 
piston  while  it  moves  from  point  2,  to  point  4,  the  expansion 
curve  being  bed,  and  the  work  done  is  represented  by  the  area 
of  the  figure,  bed  he.  This  is  positive  work.  Work  is  done 
upon  the  substance  while  the  piston  moves  from  point  4,  to 
point  2,  the  expansion  curve  being  dab,  and  the  work  done  is 
represented  by  the  area  of  the  figure,  dab  eh.  This  is  negative 
work.  To  find  the  work  performed  by  the  substance,  we  subtract 
the  area,  dab  eh,  representing  negative  work,  from  the  area, 
bedhe,  representing  positive  work,  and  the  remainder,  abed, 
represents  the  useful  work  performed  by  the  substance  through- 
out the  cycle  of  operations. 

Work  done  by  a  Heat  Engine. — Our  operations  on  this  heat  engine 
consisted  in  taking  in  a  quantity  of  heat,  H  (from  positions  2 
to  3  of  stroke),  at  a  temperature,  r2,  and  rejecting  a  less  quantity 
of  heat,  h  (from  4  to  1),  at  a  lower  temperature,  rv 

Hence,  the  heat-energy  that  has  been  transformed  into 
mechanical  work  during  this  cycle  of  operations 

=  H  -  h  thermal  units. 

Calling  W  the  amount  of  work  thus  given  out  by  the  engine 
in  one  revolution,  we  have 

W  -  J  (H  -  h)  foot-lbs., 

-JH(i.*)„ 

where  J  is  Joule's  "  equivalent "  (see  p.  54). 

Now,  in  order  to  eliminate  h  from  the  above  equation,  and 
thus  express  the  work  actually  done  in  terms  of  the  heat  supplied, 
together  with  the  absolute  temperatures  between  which  the 
engine  works,  we  proceed  as  follows : — 


Let  pY  «= 

pressure 

measured 

*yf<h 

1*2  = 

»» 
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eb, 

J>8  = 

>» 

}» 

ffc, 

P4  = 

>9 

J* 

hd, 

vv  v2,  f?8,  and  t?4  be  the  corresponding  volumes  occupied  by  the 
gas  when  subjected  to  the  above  pressures  respectively. 
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On  p.  141  it  is  shown  that  when  a  gas  expands,  according  to 
Boyle's  law,  from  a  pressure  and  volume,  p2,  v%  to  another  pres- 
sure and  volume,  pz,  vv  say,  and  does  work,  the  value  of  the 
work  done  is 

v 
=  P2  v2  log.  Z*  foot-lbs., 
2 
when  p2  is  in  lbs.  per  sq.  ft.,  and  v2  is  in  c.  ft. 

Now,  since  our  working  substance,  the  gas,  takes  in  a  quan- 
tity of  heat,  H,  while  expanding  from  a  volume,  vfp  to  a  volume, 
t?s,  sufficient  in  amount  to  keep  the  temperature  at  the  constant 
value,  r2,  it  follows,  from  what  has  been  already  said  about 
isothermal  expansion,  that  the  work  done  on  external  bodies  by 
the  gas,  must  be  equal  to  the  mechanical  equivalent  of  the  heat 
supplied;  that  is  to  say, 

J  H  =  p2  v2  log.  ~3, 


v2 


V. 


c  r2  log  -3  (see  p.  88). 


v. 


By  similar  reasoning,  we  get 


JA  =  cr1log#^. 

Substituting  the  values  of  H  and  A,  thus  obtained  into  the 
equation  for  the  work  done,  we  get 

W  =  JH 

Since  the  points,  a  and  b,  are  on  the  adiabatic  curve,  a  b,  we 
have  the  following  relation  between  the  co-ordinates  of  these 
points — 

Pii>C=P2v2n>         •         •         •         (!)• 
n  being  a  positive  quantity,  greater  than  unity  (see  Lecture  XI V.) 
Similarly,  for  the  adiabatic  curve,  c  d,  we  have 

Pzv*=Piv*>         •         •         •         (2)- 

Also,  for  the  isothermal  curves,  b  c  and  a  d9  we  have  the  two 

equations — 

?2  v2 =  Pz  v3>  •         •         •        •         (3)- 
Pivi  =  Pava (*)• 
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We  have  thus  four  equations,  from  which,  if  we  eliminate  the 
four  pressures,  we  obtain  the  relation 


This  enables  us  to  simplify  the  expression  for  the  work  done, 
which  now  becomes 


And  the  efficiency  of  the  engine 

-     Y     -   r2  -   *1 

""JH"       r2     ' 

For  example,  suppose  that  the  air  in  our  ideal  engine  is  raised 
to  a  temperature  of  400°,  and,  after  doing  work,  its  temperature 
is32°Fah.; 

Then,         r.,  =  400  +  460  -  860 
t[  =  32    +  460  =  492 

Work  done  =Jh(^-A  =  JH  (— 8^Q4— )  =  -43  JH,  nearly. 
Again,  returning  to  the  equation, 

V2       vi 
which  may  be  written  in  this  form — 

Off  _  Oh 

0«"  Of 

or,  Off  :  Oe  :  :  Oh  :  O/, 

we  have  the  relation  which  must  hold  between  the  volumes  of 
the  substances  at  the  various  stages  of  the  cyclical  process  just 
described.  This  relation  enables  us  to  determine  the  value  of 
Off,  such  as  to  bring  about  the  condition  referred  to  in  the 
footnote  to  page  91. 

O  c,  O/,  and  O  h  are  supposed  to  be  known,  hence  a  simple  cal- 
culation will  give  us  O^,  or  the  abscissa  of  the  point  3,  because 

Oe.Oh 
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Caraot's  Principle. — The  following  important  principle  was 
laid  down  by  Sadi  Carnot,  the  founder  of  the  theory  just  given, 
in  1824:— 

The  amount  of  work  done  by  a  reversible  heat  engine  depends 
only  on  the  constant  temperature  at  which  heat  is  received,  and 
at  which  it  is  rejected,  and  is  independent  of  the  nature  of  the 
intermediary  agent  (such  as  steam,  air,  <fcc.)  Its  efficiency  is 
consequently  a  maximum. 

"We  see,  therefore,  that  the  amount  of  work  got  out  of  a  heat 
engine,  depends  entirely  on  the  absolute  temperatures  between 
which  it  is  worked.  In  order  to  obtain  the  whole  of  the  work 
from  a  mass  of  heated  air,  it  would  be  necessary  to  cool  it  down 
to  the  absolute  zero — a  process  beyond  the  reach  of  practice ; 
and,  hence,  our  imaginary  engine,  which  is  absolutely  perfect 
in  its  action,  is  only  able  to  yield  a  portion  of  the  energy 
stored  in  the  gas  in  the  form  of  heat.  The  example  worked  out 
shows  this  clearly,  for  our  perfect  engine,  in  working  between 
the  temperatures  400°  and  32°,  can  only  convert  -43  of  the  heat 
energy  into  actual  mechanical  work.  The  efficiency  of  any  heat 
engine  used  in  actual  practice,  such  as  a  steam  or  an  air  or  a  gas 
engine,  is  considerably  less  than  this. 


Lecture  XIL— Questions. 

1.  Having  regard  to  the  theory  of  heat,  will  you  state  some  reasons  for 
concluding  that  when  steam  expands  in  a  cylinder  behind  a  working  piston, 
the  law  of  expansion  differs  from  that  of  Boyle! 

2.  Betine  a  heat  engine.  State  the  conditions  under  which  such  an  engine 
will  give  out  the  greatest  quantity  of  work,  and  establish  your  statement 
by  reasoning.  A  perfect  heat  engine  receives  heat  at  350°  F.,  and  rejects 
heat  at  a  temperature  of  90°  F.     Find  its  efficiency.     Ans.  =  "32. 

3.  An  engine  uses  10  lbs.  of  steam  per  minute,  the  feed  temperature  is 
60° F.,  the  boiler  temperature  300° F„  and  that  of  the  condenser  104° F., 
what  is  the  theoretical  maximum  efficiency  of  the  engine?  State  Reg- 
nauJt's  formula  for  the  total  heat  of  steam  at  a  given  temperature,  and 
deduce  the  amount  of  heat  which  each  pound  of  steam  has  received  in  the 
boiler.  What  horse-power  would  be  developed  if  the  engine  worked  as  a 
perfect  engine?    Ans.  '258;  1144*4;  69  H. p. 

4.  Find  an  expression  for  the  efficiency  of  an  elementary  heat  engine. 

5.  Investigate  a  method  of  ascertaining  the  absolute  temperature  which 
corresponds  to  100°  F. 

6.  What  is  meant  by  the  adiabatic  expansion  of  a  gas?  If  you  were 
required  to  set  out  approximately  the  curve  of  adiabatic  expansion  of 
■team,  how  would  you  proceed  ? 

See  Appendix  at  the  end  for  more  and  later  Advanced  and 
Honours  Questions. 
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LECTURE  XIII. 

Cohtbots. — Distribution  of  Steam  in  a  Cylinder— Lap  and  Lead  of  a 
Valve,  &c.,  Angle  of  advance  of  an  Eccentric,  Points  of  admission,  Cut- 
off, Release,  and  Compression — Diagram  of  the  relative  positions  of 
Crank  and  Piston — Zeunor'a  Valve  Diagrams. 

Distribution  of  Steam  in  a  Cylinder. — Before  explaining  the 
Indicator,  and  the  results  obtained  by  it  in  the  form  of  Indicator 
Diagrams  from  various  types  of  engines,  it  will  be  necessary  to 
describe  generally  the  action  of  the  eccentric,  slide  valve,  crank, 
connecting  rod,  and  piston,  with  their  relative  positions,  so  as  to 
understand  the  distribution  of  steam  in  the  cylinder  of  an 
ordinary  engine. 

This  is  most  graphically  and  easily  done  by  aid  of  a  large 
skeleton  working  model,  in  which  the  slide  valve,  piston,  dec.,  are 
all  shown  in  section  in  one  plane. 

By  aid  of  this  model  (fitted  with  a  set  of  slide  valves  having 
different  dimensions,  the  means  of  fixing  the  eccentric  at 
different  angles  to  the  crank,  and  of  altering  the  link  motion  or 
the  travel  of  the  slide  valve),  the  distribution  of  steam  in  a 
cylinder  may  be  studied  simultaneously  by  a  large  class. 

The  engine,  as  seen  by  the  arrow  on  the  crank  pin  circle,  is 
going  ahead  or  turning  with  the  hands  of  a  watch.  The  valve  is 
moving  forward  and  on  the  point  of  cutting  off  steam  from  the 
cylinder  at  about  half-stroke,  while  the  piston  is  moving  back 
towards  the  after  end  of  the  cylinder,  and  will  therefore  complete 
the  rest  of  the  stroke  under  the  expansion  of  the  steam. 

It  will  be  seen  from  the  figure  that  the  eccentric,  E,  consists  of 
a  simple  pulley  placed  eccentrically  2  J  inches  to  the  crank  shaft 
centre,  £«.,  with  a  throw  of  2 J  in.  The  to  and  fro  movement  of 
the  slide  valve  is  obtained  from  this  eccentric  through  the 
intermediate  mechanism  of  the  eccentric  strap,  eccentric  rod, 
£  It,  and  the  valve  spindle,  V  S,  while  the  to  and  fro  movement 
of  the  piston,  P,  is  obtained  from  the  crank  keyed  to  the  crank 
shaft,  through  the  intermediate  mechanism  of  the  connecting 
rod,  0  R,  and  the  piston  rod,  P  R.  It  is,  therefore,  clear  that, 
in  order  to  ascertain  the  effect  of  the  slide  valve  in  distributing 
steam  to  the  cylinder,  its  position  at  any  point  of  the  piston's 
stroke  must  be  studied  by  observing  the  relative  positions  of  the 
eccentric  and  the  crank. 
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Lap  and  Lead  of  a  Valve,  Ac. — The  slide  valve  shown  in  the 
following  figure  is  purposely  placed  at  the  centre  of  its  stroke, 
in  order  to  facilitate  an  explanation  of  what  is  meant  by  lap. 
The  valve  consists  of  a  hollow  box  with  projecting  ends,  the 
lower  face  being  accurately  planed  and  fitted,  so  as  to  be  steam 
tight  on  the  valve  port  face.  The  hollow  arch  of  the  valve  just 
covers  the  distance  between  the  inner  edges  of  the  steam  ports, 
so  that  the  moment  the  valve  cuts  off  the  exhaust  from  one  end 
of  the  cylinder  it  opens  the  other  end  of  the  cylinder  to  exhaust. 
Sometimes,  however,  slide  valves  have  what  is  termed  inside  lap, 
that  is,  an  inner  projection  at  each  end  of  the  arch  of  the  valve, 
marked  in  dotted  lines  by,  x,  in  the  figure.  This  causes  the  exhaust 
to  take  place  later  on  the  one  side  and  to  be  cut  off  sooner  on  the 
other  side  of  the  piston.  The  effect  of  this  is  twofold — (1)  a 
later  release  causing  a  higher  back  pressure,  (2)  compression 
before  the  end  of  the  stroke.  The  latter  result  is  useful,  as  we 
shall  see  in  the  next  lecture,  owing  to  arresting  the  momentum  of 
the  moving  piston,  piston-rod,  crosshead  and  connecting-rod,  and 
thus  lessening  what  would  otherwise  be  a  sudden  stress  or  jerk 
on  the  cross-head  and  crank-pin  bearings,  causing  undue  wear  and 
tear.  This  is  termed  compression  or  cushioning;  frequently  how- 
ever, part  of  the  cushioning  is  effected  by  giving  "lead"  to  the  slide 
valve,  that  is,  allowing  it  to  open  the  steam  port  before  the  piston 
has  come  to  the  end  of  its  stroke. 

O  L       M  M      L    o 

i    !     L— — ^-v      I 


! 


\  .  ~ 

N  N 

Now,  looking  at  the  left-hand  figure  we  see  the  three  dotted 
vertical  lines  drawn  above  the  valve  face  at  each  end  of  the 
valve.  The  distance,  O  to  L,  is  the  amount  by  which  the  valve 
overlaps  the  steam  port  at  each  end.  This  is  termed  the  outside 
lap  of  the  valve,  while  the  distance  between  L  and  M  is  the 
amount  the  valve  (when  at  the  end  of  its  stroke)  opens  the 
steam  port  for  admission  of  steam  into  the  cylinder.  This 
distance,  L  M,  is  frequently  less  than  the  breadth  of  the  steam 
port,  because  the  same  passage  serves  both  for  inlet  of  the  steam 
to,  and  its  exit  from,  the  cylinder ;  and,  seeing  that  the  steam 
has  expanded  in  bulk  while  doing  work  in  the  cylinder,  the 
freer  and  the  quicker  the  exhaust,  the  Jess  will  be  the  back  or 
obstructive  pressure. 
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The  vertical  dotted  lines  drawn  from,  N,  below  the  valve  face 
near  the  outside  edge  of  each  steam  port,  indicate  the  lead. 

The  circle  in  the  right-hand  figure  is  taken  to  represent  the  path 
of  the  centre  of  the  eccentric  pulley,  which  works  the  slide  valve. 
The  radius,  O  M,  is,  therefore,  equal  to  the  throw  of  the  eccentric, 
or  half  the  travel  of  the  valve.  Now,  supposing  the  crank  to  be 
in  the  position,  0  0,  or  level  at  the  inner  dead  centre  in  a 
horizontal  engine  (i.&,  the  piston  is  just  at  the  commencement  of 
the  outgoing  stroke),  mark  off  the  distance,  O  N,  equal  to  the 
outside  lap,  O  L,  plus  the  lead,  L  N,  draw  N  E  perpendicular 
to  O  M,  and  join  O  E;  then  (neglecting  the  obliquity  of  eccentric 
rod)  we  have— 

0  C  for  the  Centre  line  of  the  crank.  L  M  for  the  Maximum  opening  to 
OE       „          ,,             „     eccentric.         steam. 

OL       „     Lap.  0*  for  the  Angle,  B  0  E,  or  the  angle 
ON      „     Lap  +  lead.  of  advance. 

We  thus  see  that  the  centre  line  of  the  eccentric  must  be  in 
advance  of  the  centre  line  of  the  crank,  by  (90°  +  0°),  where  0° 
is  called  the  angle  of  advance. 

If  there  was  neither  lap  nor  lead,  then  the  centre  line  of  the 
eccentric  would  be  at  right  angles  to  the  centre  line  of  the  crank, 
or  the  eccentric  only  90  ahead  of  the  crank. 

In  order  to  impress  these  various  parts  and  positions  of  the 
slide  valve,  we  again  enumerate  them  as  definitions. 

Lap  or  cover  of  a  slide  valve  is  the  amount  by  which  the  edge 
of  the  valve  overlaps  the  adjoining  edge  of  the  steam  port,  when 
the  valve  is  in  the  middle  of  its  stroke,  and  is  termed  outside  or 
inside  lap,  according  as  we  refer  to  the  outside  or  inside  of  valve. 

Lead  is  the  amount  of  the  opening  of  the  steam  port  at  the 
beginning  of  the  piston's  stroke. 

Angle  of  advance  of  eccentric  is  the  angle  by  which  the  centre 
line  of  the  eccentric  stands  in  advance  of  that  position,  which 
would  bring  the  valve  to  its  mid-stroke  when  the  crank  is  on  the 
dead  point;  or,  in  other  words,  the  angle  between  the  crank  and 
the  centre  line  of  the  eccentric  minus  90°. 

*  The  throw  of  an  eccentric  is  the  distance  between  the  centre 
of  crank  shaft  and  the  centre  of  eccentric  pulley. 

The  travel  of  a  slide  valve  is  equal  to  the  distance  the  valve 
moves  to  and  fro  in  one  stroke  of  the  piston,  or  twice  (the 
lap  +  opening  to  steam).    It  is  equal  to  twice  tlie  throw  of  eccentric 

*  Several  authors— e.g.,  Prof.  Goodeve — state  that  the  throw  of  an  eccentric 
is  equal  to  the  diameter  of  the  circle  described  by  the  centre  of  the  eccentric 
pulley.  The  word  throw  is  ambiguous,  and  might  be  discarded,  for  it  is 
liable  to  lead  to  confusion.    See  The  Practical  Engineer,  Nov.  18, 1887,  p.  521. 
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Valo*  at  J  Mid-stroke 


Relative  Positions  of  Crank  and  Slide-Valve,  with  Curve 

SHOWING  THE  DISTRIBUTION  OF  STEAM  IN  THE  CYLINDER. 
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The  foregoing  diagram  illustrates  the  four  principal  points  in 
the  motion  of  the  simple  D  slide  valve  of  the  working  model 
explained  at  the  beginning  of  this  lecture,  p.  95,  as  well  as  the 
corresponding  positions  of  the  crank,  and  also  the  probable 
distribution  of  steam  in  the  cylinder  or  "  diagram  of  work." 

1.  The  point  of  admission  of  steam  to  the  cylinder. 

2.  The  point  of  cut-off  of  steam  from  the  cylinder. 

3.  The  point  of  release,  or  when  exhaust  begins. 

4.  The  point  of  compression,  or  when  exhaust  stops. 

The  diagram  is  self-explanatory,  in  as  far  as  it  shows  how  each 
of  these  points  marked  on  the  crank  pin  circle  are  projected  on 
to  the  "  diagram  of  work "  (or  pis  ton's  stroke)  below,  with  the 
corresponding  positions  of  the  slide  valve  sketched  on  the  lines 
of  projections.  The  direction  of  motion  of  the  crank  and  of  the 
slide  valve  at  each  point  is  also  made  clear  by  arrows.  It  will 
be  observed  that  the  slide  valve  is  at  the  same  position  with 
respect  to  the  steam  ports  when  beginning  to  admit  steam  to  the 
cylinder  and  to  cut  off  the  supply  of  steam  from  the  same,  and 
that  its  direction  of  motion  is  in  each  case  opposite  to  the  direction 
of  the  piston's  motion.  It  is  also  evident  that  the  slide  valve  is 
at  the  middle  of  its  stroke  when  release  and  when  compression 
begins,  and  that  its  motion  is  opposite  in  each  case  to  that  of  the 
piston's  motion,  as  indicated  by  the  straight  arrows  placed 
directly  above  the  slide  valve. 


Kelative  Positions  of  the  Crank  and  the  Piston. — The  following 
method  of  determining  relative  positions  of  the  crank  and  the 
piston  is  of  great  importance,  because  it  is  the  method  used  in 
determining  the  relative  positions  of  the  slide  valve  and  its 
eccentric. 

In  the  fig.,  let  0  C2  represent  the  crank,  then  with  centre,  Cv 
and  radius  (CR)-  the  connecting-rod,  describe  an  arc  catting  the 
centre  line  of  the  engine's  stroke  in  (C  H),  which  gives  the  position 
of  the  orosshead.     With  this  point  (C  H)  as  a  centre,  and  the 

■*-*GoogIe 


100  LECTURE  XIII. 

length  of  (C  R)  as  radius,  describe  the  arc,  C2  Dy  The  length 
O  D2  will  be  equal  to  the  distance  of  the  piston  from  the  middle 
of  its  stroke  when  the  crank  is  in  the  position  O  C^  If  this 
distance,  O  D«,  be  set  off  along  the  crank,  O  Cg,  by  drawing  with 
centre,  O,  and  radius,  0  D2,  the  arc,  D2  d^  and  the  same  operation 
be  repeated  for  a  series  of  different  positions  of  the  crank,  all 
these  points  will  be  found  to  lie  on  the  polar  curve,  O  d2  C,.  Any 
chord  of  this  curve  drawn  from  the  point  O  will  be  equal  to  the 
distance  of  the  piston  from  the  middle  of  its  stroke  when  the 
crank  lies  along  that  chord. 

The  double  looped  curves  in  full  lines  are  the  curves  obtained 
by  this  method. 

If  the  connecting-rod  be  infinitely  long  it  is  evident  that 
instead  of  the  arc,  C2  Dg,  we  get  the  straight  line,  C2  Dv  at  right 
angles  to  the  line  of  stroke,  and  that  O  Dl  is,  in  this  case,  the 
distance  of  the  piston  from  the  middle  of  its  stroke.  Jf  this 
distance  be  set  off  along  the  crank  by  drawing  the  arc,  Dx  rf„  and 
the  same  operation  be  repeated  for  a  series  of  different  positions 
of  the  crank,  it  will  be  found  that  all  these  points  lie  on  a  pair  of 
circles  drawn  with  O  Cx  and  O  C8  as  diameters.  These  are 
shown  by  the  dotted  circles  in  the  figure. 

The  effect  of  the  obliquity  of  the  connecting-rod  is  well  seen 
by  comparing  the  curves  in  full  lines  with  the  circles  in  dotted 
lines. 

In  valve  diagrams  it  is  usual  to  neglect  the  effect  of  the 
obliquity  of  the  eccentric-rod,  because  the  ratio  of  its  length  to 
the  throw  of  the  eccentric  is  generally  great,  and  its  effect  is 
therefore  generally  not  worth  taking  into  account. 

Another  method  of  finding  the  relative  position  of  the  crank 
and  the  piston  is  as  follows  :-— (see  next  fig.) 

Draw  two  lineB,  Px  P8,  P2  P4,  at  right  angles  to  each  other. 
From  their  intersection,  O,  with  radius  O  C,  equal  to  the  length 
of  the  crank,  describe  the  inner  or  crank  pin  circle.  With  C  as 
a  centre  and  C  P1  as  radius  equal  to  the  length  of  the  connecting 
rod,  describe  the  circle  Px  P2  P3  P4.  With  O  as  a  centre  and 
O  P8  as  a  radius,  describe  a  circle ;  again,  with  the  centre,  O, 
and  radius,  0  Plf  describe  the  large  outer  circle. 

Now,  suppose  the  crank  to  be  fixed  in  the  position,  O  C,  and 
the  cylinder  to  revolve  round  the  centre,  O,  in  the  direction  of 
the  hands  of  a  watch,  as  indicated  by  the  arrows,  then  the  con- 
necting-rod (which  is  supposed  for  the  purposes  of  explanation  to 
be  connected  directly  to  the  piston)  will  cause  the  piston  to  move 
inwards  during  the  first  half,  and  outwards  during  the  second 
half  of  the  revolution.  The  positions  Plf  Pj,  P8,  and  P4  represent 
the  piston  at  0°,  90°,  180°,  and  270°  of  the  revolution.     For  any 
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required  angle,  OOP,  between  the  crank,  O  C,  and  the  connect- 
ing-rod, C  P,  the  position  of  the  piston  is  indicated  by  the 
position,  P.  The  radial  lines  between  the  large  outer  circle  and 
the  inner  circle  of  radius,  O  P,  indicate  the  distance  of  the  piston 
from  the  outer  end  of  the  cylinder ;  for  the  path  of  the  piston  lies 
in  the  line  of  the  circle  Pv  P2,  Pp  P4.      Precisely  the  same 
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reasoning  will  hold  good  if  we  consider  the  crank  to  revolve  and 
the  cylinder  to  be  fixed  (as  is  usually  the  case)  say  in  the  position 
at  Pr  Then  the  radial  lengths  between  the  outer  circle  and  the 
circle  Plf  Pg,  P8,  P4  respectively  represent  the  distance  of  the 
piston  from  outer  end  of  the  stroke  for  each  position  of  the  crank 
during  a  revolution. 
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Cause  of  the  Unequal  Distribution  of  Steam  during  the  Forward 
and  the  Back  Stroke  of  the  Piston.— If  the  connecting-rod  of  an 
•engine  was  infinitely  long  (and  therefore  remained  always  parallel 
to  the  centre  line  of  the  piston's  motion),  the  point  of  "  cut  off/ 
and  consequently  the  distribution  of  steam,  would  be  equal  at 
both  ends  of  the  cylinder ;  but  when  the- length  of  the  connecting- 
rod  (as  usually  adopted  in  practice)  is  only  from  2  to  4  times  the 
length  of  the  crank,  the  distance  to  the  point  of  "  cut  off "  is 
considerably  later  on  the  forward  stroke  than  on  the  return  or 
back  stroke. 

An  explanation  of  the  following  two  diagrams  will  render  this 
quite  evident. 

Firstly.  Consider  a  case  when  the  slide  valve  has  "outside 
lap  "  only,  and  no  "  lead." 

1.  Draw  a  centre  line  of  the  piston's  motion,  Cs,  to  10. 

2.  With  any  convenient  position,  O,  as  a  centre  and  radius, 
O  Oj,  equal  to  the  length  of  the  crank,  describe  a  circle,  CjCjCjC^ 
and  let  the  crank  revolve  in  the  direction  shown  by  the  arrows 
on  the  crank  pin  circle. 

3.  With  centre  Clf  and  radius  equal  to  the  length  of  connect- 
ing-rod (in  this  case  =  3  cranks),  describe  an  arc,  cutting  the 
centre  line  of  engine  in  the  position  10  furthest  from,  Cr  With 
centre,  Cs,  and  the  same  radius,  describe  another  arc,  cutting  the 
same  centre  line  in  position  10  nearest  to  CL  Then  the  distance, 
0  to  10,  is  equal  to  the  piston's  stroke.  This  distance  may  be 
conveniently  divided  into  ten  equal  parts  both  above  and  below 
the  centre  line,  so  as  to  indicate  percentages  of  the  stroke  during 
the  forward  and  back  strokes  of  the  piston.* 

4.  With  centre,  O,  and  radius  equal  to  the  throw  (or  eccen- 
tricity of  the  eccentric),  describe  the  inner  small  circle  M  E,  E6. 

5.  From  O  plot  off  a  distance,  O  L,  equal  to  the  outside  lap  of 
the  slide  valve,  and  draw  through,  L,  the  line,  E;LE^  at  right 
angles  to  the  centre  line  of  the  engine.  From  O,  draw  radial 
lines,  O  E,  A,  and,  O  E»  B,  cutting  the  crank  pin  circle  in,  A, 
and,  B,  and  join  A  B.  Then,  since  the  slide  valve  has  no  "  lead," 
O  E,  is  the  centre  line  of  the  eccentric  when  the  crank  is  in  the 
position  O  Cx,  and  the  eccentric  turns  round  from  the  position, 
O  E,,  to  the  position,  O  Ed,  in  the  operation  of  moving  the  slide 
valve  during  opening  and  closing  the  back  steam  port ;  conse- 
quently, the  crank  must  turn  through  an  equal  angle  during 

*  Of  coarse  the  positions  10  and  10  are  in  reality  the  centre  of  the  cross- 
head  at  each  end  of  the  stroke  in  ordinary  engines  having  a  crank  and 
connecting-rod.  To  include  the  length  of  the  piston-rod  would  extend  the 
figure  beyond  the  limits  of  the  page. 
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this  operation,  i.e.,  an  angle  equal  to  A  O  B.     The  "  angle  of 
advance  "  of  the  eccentric  is  indicated  by  <  0  >. 

6.  With  centre,  C„  and  radius,  A  B,  describe  an  arc,  cutting 
the  crank-pin  circle  m  C2,  and  join,  O,  and  C2,  by  a  thick  line. 
Then,  O  C2,  is  the  position  of  the  crank  when  steam  is  cut  off 
from  the  cylinder,  i.e.,  when  the  centre  of  the  eccentric  pulley  is 
in  the  position  E». 

7.  With  C2  as  a  centre  and  radius  equal  to  the  length  of  the 
connecting-rod,  describe  an  arc  catting  the  centre  line  of  the 
engine  in  C  H  (cross-head),  nearly  midway  between  positions  8 
and  9,  above  the  line,  thus  showing  that  steam  is  cut  off  at  about 
85  per  cent,  of  the  stroke  during  the  forward  movement  of  the 
piston  and  crank. 

8.  With  C8  as  a  centre  and  radius,  A  B,  describe  an  arc,  out- 
ting  the  crank-pin  circle  in  C4,  and  join  O,  and  C4,  by  a  thick 
line.  Then  O  C4  is  the  position  of  the  crank  when  steam  is  cut 
off  from  the  cylinder  during  the  back  stroke  of  the  piston. 

9.  With  C4  as  a  centre  and  radius  equal  to  the  length  of  the 
connecting-rod  describe  an  arc  cutting  the  centre  line  of  the 
engine  in  C  H,  nearly  midway  between  positions  7  and  8,  below 
the  line,  thus  showing  that  steam  is  cut  off  at  about  75  per  cent, 
of  the  stroke  during  the  backward  or  return  movement  of  the 
piston  and  crank. 

Secondly.  Consider  a  similar  case  in  every  respect  to  the  last, 
except  with  "  lead  "  as  well  as  "  outside  lap  "  given  to  the  slide- 
valve. 

Perform  precisely  the  same  construction  as  before,  with  this 
addition,  viz.,  that,  O  N,  is  equal  to  the  lap  O  L,  plus  the  lead 
L  N ;  consequently,  O  E,  is  the  centre  line  of  the  eccentric  when 
the  crank  is  in  the  position  0  Cly  and  O  E»  the  centre  line  of  the 
eccentric  when  steam  is  cut  off  during  the  forward  stroke.  The 
eccentric  therefore  turns  round  through  the  angle  A  OB,  while 
the  crank  turns  from  O  Cy  to  0  C2,  and  the  piston  moves  from 
position  O  to  nearly  midway  between  7  and  8  above  the  centre 
line  of  engine,  as  indicated  by  the  letter  C  H. 

On  the  return  or  back  stroke  the  crank  turns  from  O  C3  to 
O  C4,  while  the  piston  moves  from  0  to  a  little  beyond  figure  6, 
below  the  centre  line.  Steam  is  therefore  cut  off  at  about  75  per 
cent,  during  the  forward  stroke,  and  62  per  cent,  during  the  back 
stroke,  as  against  85  and  75  per  cent,  when  no  lead  was  given  to 
the  slide-valve. 

Fixing  Forward  and  Backward  Eccentrics. — In  large  marine, 
locomotive,  and  other  engines,  the  "  forward  n  and  back  driving 
eccentrics  are  often  fixed  in  their  permanent  position  on  the 
crank  shaft  before  the  crank  is  fitted  into  its  bearings.  The 
method  by  which  their  proper  position  is  ascertained  relatively 
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to  their  own  crank  will  be  readily  understood  from  the  foregoing 
diagrams  and  explanation,  and  by  also  considering  the  small 
figure  to  the  left  hand  side  of  the  last  diagram. 

Fix  the  crank  in  a  vertical  position,  and  place  on  the  crank- 
shaft a  wooden  or  sheet-iron  template,  with  the  upper  edge  level, 
having  previously  drawn  upon  it  the  centre  lines  of  the  "  for- 
ward" and  "backing"  eccentrics,  by  the  rule  just  described 
for  lap  and  lead.  Now  mark  on  the  crank-shaft  with  a  A  D0X~ 
square  the  centre  lines  of  the  feathers  for  fixing  each  of  the 
eccentrics,  and  line  off  the  outline  of  these  feathers  where  they 
are  to  be  sunk  (parallel  to  the  crank-shaft).  Previous  to  placing 
the  template  on  the  crank-shaft,  a  semicircular  hole  has  of  course 
been  cut  from  it  to  fit  the  crank-shaft.  This  handy  method 
saves  all  the  time,  trouble,  and  expense  of  temporarily  putting 
the  crank-shaft  in  its  bearings  and  fitting  together  the  connect- 
ing-rod, piston-rod,  piston,  eccentric  straps,  eccentric  rods,  and 
slide-valve,  then  turning  the  whole  engine  and  ascertaining  by 
trial  the  best  position  of  the  eccentrics  (which  was  quite  commonly 
done  until  a  few  years  ago),  and  then  disconnecting  the  whole  in 
order  to  get  the  feathers  sunk  in  the  crank-shaft  for  keying  on 
the  eccentrics  in  the  positions  that  had  been  ascertained  by  trial 
and  observation. 

Zeuner's  Diagram  of  Simple  Valve  Motion.— Of  the  problems 
relating  to  the  motion  of  a  slide-valve,  the  case  most  commonly 
recurring  in  practice,  is  that  in  which  we  have  given  the  position 
of  the  crank  at  the  point  of  cut-off,  the  travel  of  the  valve,  and 
the  amount  of  lead,  and  have  to  determine  the  angular  advance 
of  the  eccentric  and  the  amount  of  outside  lap  required. 

With  centre  O  (see  next  figure)  and  radius  equal  to  the  throw 
of  eccentric  or  half-travel  of  the  valve,  describe  the  circle 
A  B  C  D  E,  and  through  O,  draw  X  Y,  and  Xx  Yx  at  right  angles 
to  each  other.  From  0,  draw  O  B,  to  represent  the  position  of 
the  crank  when  the  steam  is  to  be  cut  off;  this  is  determined 
by  means  of  the  previous  diagrams.  With  X  as  centre,  and 
radius  X  V,  equal  to  the  lead  of  the  valve,  describe  part  of  a 
circle,  and  from  B,  draw  B  F,  touching  this  circle.  Through  O, 
draw  A  D  at  right  angles  to  B  F. 

On  OA*  and  OD,  describe  the  valve  circles  ALG  and  HKD. 
These  are  sometimes  termed  the  "primary"  and  " secondary " 
valve  circles  respectively.  With  O  as  centre,  describe  the  circle 
PMNG,  touching  the  line  BF  at  the  point  N.     This  circle  is 

*  The  line,  0  A,  would  be  the  centre  line  of  on  eccentric  for  the  crank' 
in  the  position,  0  Y,  and  going  backwards  or  opposite  to  the  direction  of 
the  arrow  in  the  figure,  while  the  angle,  AOXx,  or,  0,  would  be  the  angle  of 
advance  for  that  eccentric. 
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i  as  the  outside  lap  circle,  O  M  being  equal  to  the  outside 
ad  M  L  equal  to  the  lead. 


Zeuner's  Diagram  of  Valve  Motion. 

If  the  position  of  the  crank  at  the  point  of  compression  or  the 
point  of  release  is  given,  draw  O  E  or  0  0  to  represent  one  of 
these,  and  where  this  line  cuts  the  valve  circle,  HKD, describe 
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a  circle  with  centre  O  to  pass  through  that  point.     The  radius  of 
this  circle  gives  the  amount  of  the  inside  lap. 

Having  now  completed  our  diagram,  we  can  see  the  distance 
the  valve  has  moved  from  its  central  position  for  any  position  of 
the  crank,  and  also  the  opening  of  the  port  to  steam  at  that 
point.  Suppose  the  crank  to  be  in  the  position  O  Q,  and  moving 
in  the  direction  of  the  arrow,  then  the  distance  which  the  valve 
has  moved  from  its  central  position  is  given  by  O  R  (or  that  por- 
tion of  the  line  which  is  included  within  the  valve  circle  ALG); 
and  since  the  outside  lap  of  the  valve  is  equal  to  O  S,  therefore 
the  opening  of  the  port  to  steam  is  equal  to  RS.  When  the 
crank  reaches  the  position  O  A,  the  port  has  its  maximum  open- 
ing equal  to  AN.  As  it  passes  position  O  A,  the  valve  begins 
to  close  the  steam  port;  and  when  it  arrives  at  O  B,  the  steam 
port  is  closed  altogether  and  the  steam  cut  off.  Therefore  we 
see  that,  when  the  crank  is  in  the  position  O  F,  the  valve  is  just 
beginning  to  open  the  steam  port;  and  when  it  reaches  the  dead 
point  O  X,  the  steam  port  is  open  an  amount  =  LM=»XV=  the 
lead  of  the  valve,  which  equality  is  easily  proved  by  geometry. 

When  the  crank  reaches  the  position  O  0,  the  valve  has  passed 
its  middle  position,  and  is  distant  from  it  on  the  other  side  an 
amount  equal  to  OK;  and  as  this  is  equal  to  the  inside  lap  of 
the  valve,  therefore  the  exhaust  port  opens,  and  release  takes 
place  at  this  point.  As  the  crank  passes  the  position  O  0,  the  valve 
continues  to  open  the  port  to  exhaust.  Thus,  when  the  crank 
arrives  at  O  Y,  the  valve  has  moved  from  its  central  position  a 
distance  equal  to  O  T ;  and,  since  O  XJ  is  the  inside  lap,  therefore 
the  port  is  open  to  exhaust  an  amount  equal  toOT-OU  =  UT. 
If  WZ  represents  the  width  of  the  port,  it  is  evident  that,  when 
the  crank  reaches  the  position  OD,  the  valve  has  travelled 
beyond  the  port  a  distance  equal  to  ZD,  and,  therefore,  if  the  arc 
«6,  be  drawn  through  Z,  it  is  apparent  that,  during  the  motion 
of  the  crank  from  b  to  a,  the  port  remains  full  open  to  exhaust. 
When  the  crank  comes  to  the  position  OE  the  port  is  completely 
closed  to  exhaust ;  and,  since  the  piston  is  not  yet  at  the  end  of 
its  stroke,  compression  takes  place  in  the  cylinder. 

The  shaded  part  of  the  upper  or  primary  valve  circle,  represents 
the  opening  of  the  port  to  steam  for  different  positions  of  the 
crank ;  and  when  the  line  representing  the  position  of  the  crank 
cuts  the  shaded  part,  it  indicates  that  the  port  is  open  to  steam, 
by  an  amount  equal  to  that  portion  of  the  line  included  between 
the  two  bounding  curves  of  the  shaded  part.  Similarly,  the 
shaded  part  of  the  lower  or  secondary  valve  circle  represents  the 
opening  of  the  port  to  exhaust,  and,  as  we  have  seen,  it  is  full 
open  during  the  passage  of  the  crank  from  b,  to  a,  it  is  not 
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usual  to  open  the  ports  fully  to  steam,  as  explained  at  the  be- 
ginning of  this  Lecture,  hence  no  line  corresponding  to  a  b9 
appears  in  the  upper  valve  circle. 

The  student  should  work  out  a  few  examples,  in  order  to 
impress  the  construction  on  his  memory ;  for,  if  once  the  principle 
of  the  diagram  is  fully  grasped,  no  difficulty  will  be  found  with 
any  of  the  various  problems  relating  to  the  motion  of  the  slide 
valve. 

For  example,  given  the  travel,  tJie  lap,  and  tfie  angle  of  advance, 
to  find  the  point  of  cut-off,  the  lead,  etc.,  draw  the  circle, 
A  B  0  D  E,  to  represent  the  travel,  as  before ;  also  the  outside  lap 
circle,  PMNG,  and  making  the  angle  4  equal  to  the  given  angle 
of  advance,  draw  A  D,  to  represent  the  centre  line  of  the  valve 
circles.  Describe  the  valve  circles  as  before ;  then  we  see  that 
when  the  crank  is  in  the  position,  OX,  the  valve  is  open  an 
amount  equal  to  L  M,  therefore  L  M,  is  the  lead  of  the  valve. 
Through  the  point  G,  where  the  valve  circle  cuts  the  lap  circle, 
draw  O  £,  then  O  £  is  the  position  of  the  crank  at  the  point  of 
cut-off. 

Or,  suppose  we  are  given  tJie  travel,  the  lap,  and  the  lead,  and 
are  required  to  construct  the  diagram  and  to  find  the  angle  of 
advance  and  the  point  of  cut-off.  Having  drawn  the  circle, 
ABODE,  representing  the  travel,  lay  off  O  M  equal  to  the  lap, 
and  M  L  equal  to  the  lead  of  the  valve.  From  L,  draw  L  A 
perpendicular  to  XY;  then  the  angle,  A  OX,,  is  the  angle  of 
advance,  viz.,  0,  required.  With  centre,  0,  and  radius,  O  M,  de- 
scribe the  outside  lap  circle,  and  on  AO  describe  the  valve  circle 
as  before.  These  circles  intersect  in  G.  Through  G  draw  O  B, 
then  O  B,  is  the  position  of  the  crank  at  the  point  of  cut-off. 

Under  the  diagram  of  the  valve  motion  we  have  given  the 
probable  indicator  diagram,  showing  the  admission,  cut-off,  release, 
and  compression,  taking  place  at  the  proper  points  of  the  stroke. 

Formal®  for  Ordinary  Slide  Valves. — In  the  remaining  portion  of 
this  Lecture  we  purpose  finding  algebraical  expressions  for  the  more  im- 
portant relations  connecting  the  various  quantities  in  the  ordinary  slide 
valve.  We  have  already  shown  how,  on  obtaining  sufficient  data,  these 
quantities  can  be  readily  found  by  means  of  a  Zeuner's  valve  diagram.  This 
latter  method,  although  very  instructive  and  accurate,  requires  the  use  of 
a  drawing  board  and  drawing  instruments.  These  are  not  always  at  hand ; 
hence,  for  the  benefit  of  those  engineers  and  students  who  can  manipulate 
simple  algebraical  and  trigonometrical  formulae,  we  shall  deduce  by  mathe- 
matics the  more  important  relations  connecting  together  the  "  lap,"  "  lead," 
"  travel  of  valve,"  "cut  off,"  Ac. 
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In  what  follows  : — 

Let  T  represent  the  travel  of  valve  in  inches. 
„   Lo  ,,  "outside  lap"      „ 

„   Li  „  "inside  lap"         „ 

„  l0  „  "  outside  lead "     „ 

„  k  ,,  "  inside  lead "       ,, 

,,   S  ,,  stroke  of  piston  in  feet. 

„  x  „  distance  from  beginning  of  stroke  to  point  of  cut 

off  in  feet. 
„  0    =  angle  of  advance  of  eccentric. 
,,   X    =  angle  of  lead— *.«.,  angle  which  centre  line  of  crank  makes 

with  centre  line  of  engine  when  steam  is  just  being 

admitted  to  cylinder. 
„   »0  =  angle  that  crank  moves  through  from  beginning  of  stroke 

to  point  of  cut  off. 
„   mr  =  angle  that  crank  moves  through  from  beginning  of  stroke  to 

point  of  release  of  steam. 
„  mc  ss  angle  that  crank  moves  through  from  beginning  of  stroke 

to  point  where  compression  begins. 


Referring  to  the  figure  where  the  larger  circle,  Ci  C2  C$t  represents  the 
crank  pin  circle,  and  the  smaller  circle,  acb  rf,  the  eccentric  circle,  ex- 
aggerated, ab  =  T,  0 L  -  ho,  LN  =  l0. 

L  c  0  Ei  =  0,    l  Bi  0  Efi  =  L  Ci  0  C6  =  X. 

■ 
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Now,  we  have  already  seen,  p.  lOOd,  that  E!  is  the  position  of  the  centre 
of  the  eccentric  when  the  piston  is  at  the  beginning  of  its  stroke,  and  Eg  is 
the  position  of  the  centre  of  the  eccentric  when  the  steam  is  cut  off.  Let 
Cj  be  the  position  of  crank  pin  when  cat  off  takes  place,  then — 

L  Ex  0  Ea  =  L  d  0  G,  =  »,«. 

AlsozcOEi  +  zExOE,  +  zE,Oe*  =  180°; 
ButzE,Od  =  zcOE6  =  0-X, 

.-.  e  +  •»  +  *-x.-=  180°, 

.\  20  +  «x-  X  =  180°    .        .        .        .        (1). 

ON 

Now    ^  ^,-  =  cos  L  Ex  0  N  =  sin  L  c  O  Ej,  =  sin  0, 

.    l»  +  lo        .    a    .       2(L0  +  Jo)        .    A 
.".       .T     =  sin  0,  ».e.,     v    °T  =  sin  6,       .        (2). 

Similarly     ~  =:  sin  (0  -  X),  .  •.  ^  =  sin  (0  -  X),    .        (3). 

But,  from  equation  (1)  we  get — 

0-\=  18O°-(0  +  «x),  .-.  sin(0-X)  =  sin  (*  +  •*). 
Substituting  this  in  equation  (3)  we  have— 

^°-=sin(*  +  «*),   ....         (4). 

When  the  steam  is  released  let  the  crank  be  in  the  position  0  Cj,  then 

L  Ci  0  Cj  =  tor. 

First,  suppose  the  valve  to  have  no  "inside  lap."  In  this  case  the  steam 
will  be  released  when  the  valve  is  passing  its  middle  position  on  its  return 
stroke,  i.e.,  when  the  centre  of  the  eccentric  is  at  d. 

.-.  «r  =  zdOC8  =  zE,Od=  18O°-0,  .  .  (5). 
Next,  suppose  the  valve  to  have  "inside  lap"  =  L*.  The  release  will 
then  be  delayed  until  the  valve  has  moved  past  its  middle  position  a 
distance  =  I*.  From  0  set  off  a  distance,  0  M,  along  0  a  =  L«,  and  from 
M  draw  ME810a,  meeting  the  eccentric  circle  in  E8.  Then  Eg  is  the 
position  of  the  oentre  of  the  eccentric  when  release  takes  place. 

Hence  »r=  zCxOCa  =  zE1OE8  =  zExOrf  +  zdOEs  =  18O°-0+o, 

where  a  =  z  d  O  E8  .\  a  =  ay  +  0  -  180°,     .        .     (6). 

OM  „  ^,, 

Now  Q-g-  =  cos  L  E3  O  M  =  sin  a, 

.'.  i^  =  sin  («r  + 0-180°),  or   2_^  =  -  sin  («r  +  *),     .     (7). 

The  "inside  lead,"  or  the  amount  the  port  is  open  for  exhaust  when  the 
piston  is  at  the  end  of  its  stroke,  is  shown  on  the  valve  diagram,  p.  101,  by 
the  line  U  T.  To  find  the  position  of  the  centre  of  the  eccentric  when  the 
piston  is  at  the  end  of  its  stroke.  Produce  Ei  O  to  meet  the  eccentric 
circle  again  in  E4,  then  E4  is  the  required  position.  From  E4  drop  the 
perpendicular  E4 K  on  the  line  O  a.     1  hen  "inside  lead  " 

=  /<=OK-OM  =  4T8inzdOE4-L,=  JTsinO  -Li 

.-.  2<L'T+*>  =  sin*t      ....     (8). 
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From  equations  (2)  and  (8)  we  tee  that 

I*  +  U  «  I*  +  k       .        .        .        •     (9), 

which  is  also  evident  from  the  valve  diagram,  p.  101. 

Next,  let  us  find  the  position,  OCB,  of  the  crank  when  compression 
begins.     If  the  valve  had  no  "  inside  lap,"  then  compression  would  take 

Slace  when  the  valve  was  in  its  middle  position  and  moving  in  the  opposite 
irection  to  that  of  the  piston.  Hence  compression  would  take  place  on 
the  return  stroke  when  the  centre  of  the  eccentric  was  at  c.  It  is,  there- 
fore, evident  that  the  crank  would  then  make  an  angle,  0,  with  the  centre 
line  of  engine — ».e.,  when  there  is  no  "inside  lap" 

zCxOC,  =  0. 

If,  however,  the  valve  has  "inside  lap,"  then  compression  will  begin 
before  the  valve  comes  to  its  middle  position.  Produce  E$M  to  meet  the 
eccentric  circle  again  in  E5,  then  E,  is  the  position  of  the  centre  of  the 
eccentric  when  compression  begins. 

.  •.  l  d  0  C,  =  Z  Ei  0  12,  =  0  +  a, 

.'.  «c  =  360°  -  {0  +a) (10). 

Let  us  now  find  a  general  formula  connecting  together  the  "  lap,"  "  lead,'1 
"travel  of  valve,"  length  of  stroke  of  piston,  and  distance  to  point  of 
cut  off. 

From  Cs,  the  point  of  cut  off,  drop  the  perpendicular  C2  P  on  Ci  C4. 
Then  (neglecting  the  obliquity  of  the  connecting  rod) — 

Cj  P  -  x,  0  P  =  Ci  P  -  OCx  =  x  -  JS, 

OP 

**&  f\  /*-  =  coa  ^  Cj  0  C4  =  COS  (180°  -  oij.  )  =    -  C08«A 
U  L-j 

•  •• — r-| — =  -  cos  wje,  or  C08  tax  =  — g —     ....         (11). 

But  cos  f»«  =  1  -  2  sm2  — ,  .  \  sin9  —  = -  =  -g-  .        (12). 

In  a  similar  way,  if  y  =  distance  from  beginning  of  stroke  to  point  of 
release,  we  can  show  that— 

I       .        .        .        .        (13). 

Now,  bisect  l  Ei  0  Ee  by  the  line  0  E,  and  from  E  draw  E  H  J.  Oi  C4 ; 
then  zcOE  =  0-~. 

Since  —  must  be  a  very  small  angle,  the  perpendicular,  E  H,  will  almost 
exactlybisect  LN.     .'.  OH  =  L.  +  {U 
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7  =  w -•  +  -£,    •'• 

and  from  equation  (12),  we  get — 

1=1-00.^  =   1 

FORMULA  FOB  ORDINARY  SLIDE   VALVES. 


103(2 


Now,  Bin  (*-  !)=ainzcOE  =  cos  zEOH  =  ^|  =  J*+iA 
2L.  +  /• 


'=1 


■(•-&)■ 


(2U+1. 


■y. 


■■j'-p^-n 


(M). 


We  shall  now  apply  the  results  we  have  arrived  at  to  the  solution  of  one 
or  two  examples.  To  enable  us  to  solve  these  examples  we  must  have 
recourse  to  a  table  of  natural  sines,  cosines,  &c,  which  will  be  found  in 
books  on  logarithms  and  most  pocket-books  of  formulae.  We  may  here 
joilect  together  the  results  wo  have  arrived  at  for  the  sake  of  reference. 


2$  +  « 


180°, 


2{U  +  h)_    .    . 
_, —    =  sin  0, 


21* 


>-*), 


=  sin  ($  +  <*K ), 
»r  =  18O°-0 
=  18O°-(0-a) 


2Li 

-jf-  =  sin  o  =  -  sin  (6  +  «* ), 


(no  "  inside  lap  "), 
(with  "inside lap "), 


i  sin  6, 


2(U  +li) 
T 

ho  +  l*  =  U  +  U,    . 

«c=36O°-(0+a), 
S-2x 


COS  u>x  = 


■"  2 


tin 


»r_    /y 

2  "  >ySf        • 


(2). 

(3). 

(4). 
(5). 
(6). 

(7). 
(8). 


(9). 
(10). 

(11). 


(12). 


(13). 


(U). 


if.  J?. — In  using  the  above  formulae  it  must  be  remembered  that  the 
obliquity  of  the  connecting-rod  and  eccentric-rod  are  not  taken  into 
account. 

Example  1. — Given  "travel  of  valve"  =  5  ins.,  "outside  lap"  =  J  in., 
"inside  lap"  =  £  in.,  "angle  of  advance"  =  20°.  Find  position  of  the 
crank  (a)  at  admission,  (b)  at  cut  off,  (c)  at  release,  and  (d)  at  compression. 
Here  T  =  Sins.,        L,  =  f  in.,        I*  =  \  in.,        0  =  20°. 

(a)  To  find  position  of  crank  at  admission. 
From  equation  (3)  we  get— 


sin(0- 
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Referring  to  a  table  of  natural  sines  we  see  that  '3  is  the  sine  of  an  angle 
of  17°  28', 

.-.  sin  (0-X)  =  sin  17° 28';  or0-X  =  17°  28',  and  X  =  20°- 17° 28'  =  2° 32*, 
i.e.,  the  crank  makes  an  angle  of  2°  82'  with  centre  line  of  engine  when 
steam  is  admitted. 

(b)  To  find  position  of  crank  cU  cut  off.     From  equation  (1)  we  get 

•«  ==  180°-  20  +  X  =  180°-  40°  +  2°  32*  =  142°  82'. 

(o)  To  find  position  of  crank  when  steam  is  released.  From  equation  (7) 
we  get 

sin  (  0  +  «r )  =  -  ^  =  -  ^i  =  -  '1333. 

Now  the  angle  whose  sine  is  -  '13  must  either  be  -  7°  4C  or  180*  +  7°  40* 
—  187°  4C.  But  0  +  mr  cannot  be  negative,  therefore  we  must  take  the 
other  value. 

.'.  6  +  «r  ^  187°  40\  and  «r  =  167°  W. 

(d)  To  find  position  of  crank  when  compression  takes  place.  From 
equation  (10)  we  get 

«c  =  360°  -  ($  +  a) ; 

and  from  equation  (6)  we  get 

a  =  <*r  +  0  -  180°  =  167°  40'  +  20°  -  180°  =  7°  40\ 

Substituting  thiB  in  the  last  equation,  we  get 

«e  =  360°  -  20°  -  7°  40'  -  832°  20', 

or  compression  takes  place  when  the  crank  makes  an  angle  of  27°  40*  with 
centre  line  of  engine. 

Example  2.— Given  the  "outside  lap"  =  1$  in.,  "inside  lap"  =  i  in., 
"  outside  lead  "  =  \  in.  Length  of  stroke  of  engine  =  4  ft,  cut  off  at  f  of 
stroke.  Find  (a)  the  "travel  of  the  valve,"  (6)  the  "angle  of  advance," 
<c)  "inside  lead,"  (d)  distance  to  point  of  release,  (e)  distance  from 
beginning  of  stroke  when  compression  begins. 

Here  U  =  1J  in.,  U  =  J  in.,  I.  =  \  in.,  S  =  4  ft.,  x  =  *  x  4  =  2|  ft. 

(a)  To  find  the  "  travel  of  the  valve."    From  equation  (14)  we  get — 

(b)  To  find  "angle  of  advance."    From  equation  (2)  we  get— 

am  0  —  ^ , 


_2(U+Jt) 

51       • 

Google 


=  -6372, 
0=39°  35'. 


Digitized  by  ^ 


FORMULAE  FOB   OBDINABT  SLIDE  VALVES.  103/ 

(c)  To  find  the  "inside  lead."    From  equation  (9)  we  get— 

Li  +  U  =  L»  +  lo, 
.-.  U  -  L,  -  U  +  U  =  14*  -  i*  +  y  =  If. 

(d)  To  /nd  distance  to  point  of  release  from  beginning  of  stroke.  From 
equation  (13)  we  get — 

y  .    ,  tor  1  -  C08  «r 

S-BlnJ2-^ 2 • 

Also,  from  equation  (7)  we  have — 

sin  ( e  +  «r )  =  -  ^-   =   -   ?^1  =   -  -098  =  sin  185°  38*. 

.\  o,r  =  185°  38'  -  39°  36'  =  146°  3'. 
.*.  cos«r  =  -  cob(1800  -  146°  3')  =  -  cos  34°  nearly  =  -  -829. 
...  y=4xL±J?2?=3.66ft. 

(e)  To  find  distance  of  piston  from  beginning  of  stroke  when  compression 
begins.  Referring  to  our  figure  (p.  103a),  draw  C5  R±  O  Ci.  Then  Ci  R 
is  the  required  distance. 

Now,  CiR=OCi-OR=  4S-  iScoszCiOCszsiStl-cos^  +  o)}. 

And  a  =  *r  +  d  -  180° equation  (6). 

.«.  0  +  «  =  »r  +  20  -  180°  =  148°  +  79°  10'  -  180°,  by  (b)  and  (d), 

=  45°  10'. 

.\  dR=  iS  {l  -  cos45°10/}   =  2  {l  -  -705}  ft.  =  '59  ft. 

Example  3. — In  a  steam  engine  the  cut  off  takes  place  at  '7  of  the  stroke, 

the  angle  of  lead  is  6°  9',  the  width  of  the  steam  port  is  14  ins.,  and  the 

17 
steam  port  opens  ^r  of  its  area.     Find  by  Zeuner's  diagram  (neglecting 

obliquity)  the  travel  of  the  slide,  the  angle  of  advance,  the  outside  lap, 
and  the  outside  lead.  What  would  be  the  amount  of  inside  lap  neces- 
sary to  produce  cushioning  after  =    of  the  stroke  has  been  performed? 

<S.  and  A.  Hon.  Exam.,  1888)-cos 66°  25'  =  4 ;  cos  59°  52'  =  502. 

This  question  is  evidently  intended  to  be  solved  partly  by  calculation. 
In  an  examination  no  tables  are  allowed  to  be  used,  and  therefore  we  must 
simply  content  ourselves  with  the  data  given.  We  shall  show  how  this 
question  may  be  answered. 

Draw  the  two  axes,  X  0  Y,  Xi  O  Ylt  at  right  angles  to  each  other. 
With  O  as  centre  describe  any  circle  xby.  Divide  x  y  into  ten  equal  parts. 
From  the  seventh  point  of  division,  measured  from  xt  draw  7b±xyt 
meeting  the  circle  in  b.  Join  O  b  and  produce  it.  The  line  O  b  represents 
the  position  of  the  crank  when  steam  is  cut  off.  From  O  draw  0/  below 
OX,  making  I  XO/=  X  =  6°9'  =  angle  of  lead.  Bisect  LfObhy  the 
line  0  a.  Then  l  a  O  X\  »  6  =  angle  of  advance.  This  is  about  all  the 
length  we  can  go  with  the  construction  in  the  meantime.  We  may, 
however,  take  our  protractor  and  measure  the  angles  $  and  m  (=  i  a  O  o). 
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We  must  now  try  and  find  either  the  outside  lap  or  the  travel  of  the  valve. 
Since  the  width  of  the  steam  port  is  14  ins. .  and  the  maximum  opening  to 


steam  is  ^f  of  the  area  of  the  port,  then  it  follows  that  the  maximum 
opening  for  steam  =  £t  x  H  =  tt  ^nB'     Now,  we  have  seen,  p.  97,  that— 

T  =  2  (Lo  +  max.  opening  for  steam), 
=  2  (U  +  k), 

where  k  »  max.  opening  for  steam  =*  1^  ins. 

2k 


.2U*      — 
•  •  —j-  =  1  -  -,jr, 


(«). 


But  ^~  =  sin  {$+»,  ),  equation  (6),  and  $  ==  90°  -^^,  equation  (1). 

.-.  -7p  m  sin  ^90°  +  -^g— )  =  cos  -^-. 
Substituting  this  in  (a),  we  get 


00.  "jLp    =  1 


2k 
T' 


(ft. 
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Now  we  know  that  \  =  6°  (f,  and  we  can  now  prooaed  to  find  »m  From 
equation  (11),  we  have 

cos», g _i =-4. 

Hence  from  data  given  in  the  question,  we  see  that 
»,  =  1S0°  -  66°  25'  =  113°  36'; 

...  cos  51  +  ^  =  cos  1L3\?5!  +  ?!i/  =  cos  59°  62*  -  -602, 
Z  2 

as  given  in  question. 
Substituting  this  in  (0),  we  get 

With  centre  0,  and  radius  =  2"  13  ins.,  describe  circle  X  Yi  Y,  cutting 
O/,  O  6,  and  0  a  in  F,  B,  and  A.  Join  F  B,  cutting  O  A  at  right  angles  ac 
N ;  then  O  N  is  the  outside  lap.  With  centre,  A,  describe  an  arc  of  a 
circle  tangent  to  F  B ;  then  the  radius,  X  Y,  of  this  circle  is  the  outside 
lead ;  or  the  outside  lead  may  be  sot  from  M  L.  To  find  the  amount  of 
inside  lap  necessary  to  produce  cushioning  after  f  of  the  stroke  has  been 
performed.  Divide  X  V  into  7  equal  parts,  and  from  the  first  point  of 
division  next  X,  draw  the  perpendicular  downward  to  meet  the  circle 
in  £.  Join  O  £.  Then  O  £  is  the  position  of  the  crank  when  compres- 
sion begins.  Let  £  cut  the  valve  circle,  O  D,  in  H.  With  centre,  Q,  and 
radius,  O  H,  describe  the  circle,  H  W  U.  The  radius  of  this  circle  rives 
the  inside  lap.  Since  £  H  cuts  the  circle,  O  U,  at  a  very  small  angle,  it 
may  be  difficult  to  find  the  exact  point,  H,  of  intersection.  This,  however, 
can  be  easily  overcome,  remembering  that  the  angle  in  a  semicircle  is  a 
right  angle.  From  D,  draw  DH1EO,  the  point  of  intersection,  H,  is 
the  required  point. 

Lecture  X n L— Questions. 

1.  Sketch  an  eccentric,  and  describe  the  several  parts.  What  is  the 
throw  of  an  eccentric  ?  Upon  what  does  the  amount  of  throw  depend  ? 
What  is  the  angle  of  advance  ? 

2.  What  is  the  lap  of  a  slide  valve  ?  Draw  a  section  of  a  simple  slide 
valve  and  ports,  showing  the  valve  (1)  without  lap,  (2)  with  lap.  For  what 
purpose  is  "lap "  given  to  a  slide  valve ? 

3.  What  effect  is  produced  by  putting  lap  on  a  slide  valve  ?  The  lap  on 
the  steam  side  of  a  slide  valve  is  14  inches,  that  on  the  exhaust  side  is  £ 
inch,  and  the  lead  is  \  inch.  Find  the  opening  for  exhaust  which  the  valve 
gives  at  the  lower  port  when  the  piston  is  at  .the  top  of  its  stroke.  An*, 
1 J  inch. 

4.  Make  a  diagram  showing  a  crank  going  backward,  or  opposite  to  the 
hands  of  a  watch,  and  mark  on  the  crank  circle  the  points  of  admission, 
cut-off,  release,  and  compression.  Draw  the  probable  curve  of  pressures 
underneath  of  a  non-condensing  engine  showing  the  atmospheric  line. 

5.  In  a  direct-acting  horizontal  engine  the  lengths  of  the  crank  and  con* 
necting-rod  are  1  and  5  feet  respectively.  How  far  is  the  piston  from  the 
middle  of  its  stroke  when  the  crank  is  vertical  ?    Ana.  1  "23  inch. 
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6.  Taking  a  direct-acting  engine,  and  disregarding  the  effect  of  obliquity 
of  the  connecting  rod,  you  are  required  to  assign  the  proportion  of  lap  to 
travel  of  slide  valve,  in  order  to  cut  off  steam  at  J  of  the  stroke.     Ans.  } 

7.  Given  that  the  travel  of  a  slide  valve  is  5  inches,  outside  or  steam  lap 
J  inch,  and  the  angle  of  advance  224°,  find  graphically  the  position  of  the 
crank  at  the  point  of  cut-off     Ans.  140°  from  dead  centre  line. 

8.  In  a  direct-acting  non-condensing  engine  let  the  crank  be  on  the  back 
dead  centre.  Sketch  the  slide  valve  and  ports,  marking  the  lap  and  lead. 
What  is  the  object  of  putting  inside  lap  to  valve  ! 

9.  The  stroke  of  the  piston  in  a  direct-acting  engine  is  4  feet,  and  the 
length  of  the  connecting  rod  is  9  feet.  How  far  is  the  piston  from  the 
middle  of  its  stroke  when  the  crank  has  made  J  of  a  revolution  from  a  dead 
point?    Ans.  2*7  inches. 

10.  Travel  of  valve     =  8j  ins.       Ana.    a  =      4°  3'.         *e  =  28°  16'. 
Outside  lap  =  2j   „  *,  =  114°  3'.  I.  =  '26  in. 
Inside  lap             =    j  „                  *r  =  148°  16'. 

Angle  of  advance  =  35°. 
Find  the  points  of  admission,  cut-off,  release,  and  compression,  and  the 
amount  of  lead  by  a  Zeuner's  diagram. 

11.  Given— 

Outside  lap  =  1J  inch.         Ans.  T  =    5  ins. 

Maximum  opening  for  steam  =  1  j    „  l0  =  "25  ,, 

Cut-off  at  A  of  the  stroke.  0  =  37°. 

Determine  the  travel  of  valve,  lead,  and  the  angle  of  advance. 

12.  Given. 

Travel  of  the  valve  =  44  inches.  )     Ans.  3°  36$';  56°23J';  23*371'; 

Outside  lap  =1        „       f  36°  22  J'. 

Inside  lap  =    \      „       I     These  angles  are  measured  from 

Angle  of  advance     ■*  3v*  J  the  dead  centres  line. 

Find  the  positions  of  the  crank  at  admission,  cut-off,  release,  and  compres- 
sion, also  the  lead  of  the  valve. 

13.  A  horizontal  engine  is  constructed  with  a  three-ported  or  locomotive 
slide  valve  and  single  eccentric  for  cutting  off  the  steam  at  half -stroke.  In 
what  respects  would  you  alter  the  working  parts  in  order  to  cut  off  steam 
at  three-quarters  of  a  stroke  ?    Explain  by  sketches  the  alterations  which 


14.  In  a  direct-acting  engine,  sot  out  by  a  diagram  the  relative  positions 
of  the  piston  and  crank  during  a  stroke,  on  the  supposition  that  the  con- 
necting rod  is  of  infinite  length  or  remains  parallel  to  itself.  How  is  this 
diagram  altered  when  a  definite  length  is  assigned  to  the  connecting-rod  ? 

15.  The  crank  of  an  engine  is  3  feet  6  inches,  and  the  connecting-rod 
9  feet  long.  Find  the  angle  which  the  crank  makes  with  the  vertical 
when  the  piston  is  at  half  stroke.    Ans.  11°  12"  44*. 

16.  Explain  the  effects  produced  by  putting  outside  and  inside  lap 
respectively  upon  the  slide  valve  of  an  engine.  The  outside  lap  is  lj 
inches,  the  lead  is  |  inch,  and  the  greatest  opening  for  steam  is  14  inches, 
what  is  the  travel  of  the  valve,  and  how  far  is  the  valve  from  its  middle 
position  when  the  piston  is  just  beginning  its  stroke?  {Adv.  S.  and  A., 
1887.)    Am.  64 ins.;  1  j  ins. 

See  Appendix  at  the  end  for  more  and  later  Advanced  and 
Honours  Questions. 
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LECTURE  XIV. 

Contents. — Expansion  of  Steam— Isothermal,  Saturation,  and  Adiabatic 
Curves  —Liquefaction  in  the  Cylinder— Steam  Jacketing — Superheating 
— Effects  of  Clearance  —  Compression  or  Cushioning  —  Lead  —  Wire- 
drawing—Release — Theory  of  Compound  Engines. 

Expansion  of  Steam. — When  saturated  steam  expands  in  a  non- 
conducting cylinder,  and  during  its  expansion  performs  mechanical 
work,  its  pressure  falls — (1)  On  account  of  increase  of  volume; 
(2)  because  of  liquefaction.  The  performance  of  work  by  the 
steam  causes  an  equivalent  loss  of  heat,  and  the  amount  of  heat 
transformed  into  work,  is  sufficient,  not  only  to  lower  the 
temperature  of  the  steam  to  that  corresponding  to  its  reduced 
pressure,  but  also  to  cause  liquefaction  of  a  portion  of  it.  When 
a  small  portion  liquefies,  it  liberates  its  latent  heat  and  keeps 
the  remainder  at  the  temperature  of  saturation.  Professor 
Rankine  has  given  the  following  approximate  rule  for  the 
relation  between  pressure  and  volume  of  steam  expanding  under 
the  above  conditions: — The  pressure  varies  nearly  as  the  reciprocal 
oftlie  tenth  power  of  the  ninth  root  of  the  space  occupied,  that  is— 

Ifp  =  pressure  *      p  cc  v      • 

„  v  =  volume   '      or  p  oc  ~r9 

10 

or  p  v?  =  constant. 

This  curve,  representing  the  relative  pressures  and  volumes- 
during  the  expansion,  being  nearly  an  adiabatic  curve,  falls 
considerably  below  the  hyperbolic  or  isothermal  curve. 

In  steam  engines  fitted  with  a  steam  jacket,  in  which  the 
steam  enters  in  a  moist  condition,  a  considerable  quantity  of 
heat  passes  from  the  steam  jacket  to  the  steam  in  the  cylinder. 
When  this  quantity  of  heat  is  sufficient,  not  only  to  do  the 
work  performed  by  the  steam,  but  also  to  convert  a  portion  of 
the  wet  steam  into  dry  saturated  steam  during  the  expansion, 
the  relation  between  pressure  and  volume  is  expressed  approxi- 
mately by  Boyle's  law,  viz.: — 

pv  =  constant, 

and  the  curve  of  expansion  is  an  hyperbola.  On  account  of  the 
simplicity  of  this  formula,  and  its  corresponding  curve,  in 
practice  it  is  usually  adopted  for  rough  calculations  of  expansion, 
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When  dry  saturated  steam  expands,  doing  external  work, 
if  heat  be  supplied  to  it  in  sufficient  quantity  just  to  keep  it  up 
to  the  point  of  saturation,  its  pressure  is  maintained  above  that 
given  by  adiabatic  expansion  curve  (since  there  is  no  conden- 
sation), but  falk  below  the  isothermal  or  hyperbolic  curve,  since 
its  temperature  does  not  remain  constant,  but  falls  to  the  tem- 
perature corresponding  to  the  reduced  pressure.  The  formula 
given  by  Professor  Rankine  for  the  pressure  and  volume  of 
•team  expanding  in  this  way  is 

17 

p  i?  »•=  constant. 

Numerous  experiments  on  this  subject  were  made  by  Fairbairn 
and  Tate,  and  the  relation  between  pressure  and  volume  for 
saturated  steam  expanding  as  above  was  stated  by  them  to  be 
according  to  the  formula — 

(v  -  -41)  (p  +  '35)  ss  constant. 

The  curve  of  expansion  of  steam,  according  to  this  formula,  is 
usually  known  as  the  "saturation"   curve.      It  is   similar  to 

17 

Rankine's  curve  pvft. 

It  is  found  in  practice  that  the  efficiency  of  steam  expanded 
so  as  to  receive  only  sufficient  heat  to  prevent  liquefaction, 
according  to  the  last  of  these  formulae,  is  higher  than  by  the 
other  methods;  and  hence,  the  "saturation"  curve  is  the  one 
with  which  the  curves  of  expansion  of  actual  indicator  diagrams 

10 

should  be  compared,  although  the  "  adiabatic "   curve  p  v »  is 
more  often  used. 


I  23466789  10 
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The  above  diagram  shows  the  three  expansion  curves — 
P  I,  Isothermal  or  Hyperbolic  curve,  p  v  =  constant. 

17 

P  S,  Saturation  curve,  p  v  fl,  or  (v  —  #41)  (p  +  '35)  =  constant. 

10 

PA,  Adiabatic  curve,  p  v  •  =»  constant. 

Liquefaction  in  the  Cylinder  and  Steam  Jacketing. — In  simple- 
condensing  engines  steam  of  nearly  the  initial  pressure  and  tem- 
perature of  the  boiler  enters  the  cylinder  at  the  beginning  of  the 
stroke  immediately  after  the  latter  has  been  in  communication 
with  the  condenser.  Now  the  temperature  of  a  condenser 
averages  100*  to  140°  Fan.,  and  the  temperature  of  the  cylinder 
during  exhaust  will  approximate  to  this,  say  about  150°  Fah. 
The  steam  on  entering  the  cylinder  must,  therefore,  part  with 
a  considerable  quantity  of  its  heat  in  raising  the  temperature  ot 
the  cylinder,  cylinder  cover,  and  piston,  and  in  the  case  of  dry 
saturated  steam  the  effect  of  a  loss  of  heat  is  that  a  portion  of 
the  steam  will  be  liquefied.  Throughout  the  expansion  of  the 
steam  further  liquefaction  takes  place,  on  account  of  the 
conversion  of  heat  into  mechanical  work,  and  the  steam  becomes 
moist  or  wet — a  condition  which  greatly  facilitates  the  absorption 
of  radiant  heat.  Therefore,  when  its  temperature  has  fallen 
considerably  below  the  initial  temperature  to  which  the  cylinder 
was  heated,  the  steam  begins  to  absorb  heat  from  the  cylinder, 
and  during  the  latter  part  of  the  stroke  a  certain  amount  of 
re-evaporation  occurs.  The  re-evaporation,  however,  takes  place 
principally  during  the  exhaust,  when  the  pressure  in  the  cylinder 
is  only  a  few  pounds  (absolute),  and  water  boils  at  a  very 
low  temperature  (about  140°  F.  to  150°  F.) 

The  cylinder,  while  in  communication  with  the  condenser, 
becomes  reduced  in  temperature  to  about  150°  F.,  so  that  a  very 
large  portion  of  the  heat  spent  in  raising  the  temperature  of  the 
cylinder  to  that  of  the  entering  steam,  is  uselessly  thrown  away 
in  heating  the  condenser  and  creating  an  opposing  back  pressure. 

Cylinders  in  which  great  expansion  or  liquefaction  takes  place 
should,  therefore,  be  steam  jacketed.  This  consists  in  heating  them 
up  by  passing  hot  steam  from  the  boiler* into  an  annular  space 
round  the  outside  of  the  cylinder  barrel,  and  into  the  cylinder 
covers,  which  are  made  hollow.  The  piston  also  has  sometimes 
been  supplied  with  means  of  circulating  hot  steam  through  it, 
but  this  is  not  usually  done  in  practice  owing  to  the  difficulty 
of  applying  it. 

There  can  be  no  doubt  that  the  cylinder  barrel  is  the  part 
which  stands  most  in  need  of  jacketing,  since  its  interior  surface 
is  always  kept  bright  and  clean  by  the  action  of  the  piston.  The 
steam  jacket  was  invented  by  Watt  (although  it  is  doubtful  if 

•S*e  Prvf.  Weynol  In  piper. -It  requ're*  iteam  or  coneMerably  hlcher  temperature  than 
the  Initial  temperature  ot  the  entering  steam  to  till  the  jacket!  before  u  oau  i»e  of  great  or 
thurougiilj  perfect  use,  for  there  la  a  urup  of  temperature  through  oylloder  liner. 
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he  fully  understood  the  principles  of  its  action),  and  was  used 
by  him  in  all  his  engines.  It  was  discarded}  however,  by  other 
engineers  of  his  time,  and  by  his  immediate  successors,  who 
looked  upon  it  as  a  needless  expense,  encumbrance,  and  com- 
plication to  the  cylinders.  The  object  of  the  steam  jacket  is  to 
prevent  the  alternate  heating  and  cooling  of  the  cylinder  which 
we  have  just  shown  to  take  place.  If  the  steam  entered  a 
cylinder  which  was  as  hot  as  itself  there  would  be  no  initial  con- 
densation, and  the  condensation  during  expansion  would  be  pre- 
vented by  the  passage  of  sufficient  heat  from  the  jacket  to  the 
expanding  steam,  to  keep  the  steam  in  a  saturated  condition 
throughout  the  stroke.  During  the  expansion  of  the  steam 
in  the  cylinder  of  a  jacketed  engine,  liquefaction  must  take  place 
as  much  as  in  an  unjacketed  engine,  in  order  to  convert  the 
same  amount  of  heat  into  work,  but  in  the  jacketed  engine  the 
liquefaction  takes  place  in  the  jacket,  where  it  is  harmless,  instead 
of  in  the  cylinder,  where  the  moisture  forms  the  vehicle  for  the 
transference  of  heat  from  the  cylinder  to  the  condenser. 

*A  moderate  amount  of  liquefaction  of  the  steam  in  the  high 
and  in  the  intermediate  cylinders  of  compound  or  multiple 
expansion  engines  is,  however,  considered  by  the  best  practical 
engineers  of  the  present  day  rather  an  advantage  than  otherwise, 
for  it  helps  to  automatically  lubricate  the  moving  parts,  and, 
therefore,  to  dispense  with  the  necessity  for  using  large  quan- 
tities of  oil,  which  (as  will  be  explained  further  on)  are  not 
only  non-effective  at  high  temperatures,  but  entail  the  consider- 
able danger  of  bringing  down  the  furnace  crowns,  and  otherwise 
do  damage  when  pumped  into  the  boilers  with  the  feed-water. 
The  steam  which  liquefies  on  entry  into  the  high  or  into  the 
intermediate  cylinder  re-evaporates  for  the  most  part  on  ex- 
hausting into  the  next  cylinder,  and  there  does  useful  work  on  a 
larger  piston  area,  although,  of  course,  at  a  reduced  pressure, 
so  that,  with  properly  proportioned  cylinders  and  a  comparatively 
small  range  of  expansion  in  each,  there  is  very  little  loss  of 
energy.  It  is,  therefore,  found  best  in  practice  simply  to 
thoroughly  well  lag  the  high-pressure  cylinders,  so  as  to  prevent 
radiation  of  heat  from  their  outer  surfaces,  without  steam 
jacketing  them,  but  to  put  a  steam  jacket  on  the  low-pressure 
cylinder,  and  to  supply  this  jacket  with  steam  from  the  inter- 
mediate receiver,  so  as  to  dry  its  working  surface,  and  thus  make 
the  transfer  of  heat  to  the  exhausting  steam  more  difficult. 

Superheating. — Although  superheating  is  not  much  practised 

*See  Proc.  Inst.  Engineers  and  Shipbuilders  in  Scotland,  discussion  on 
Mr.  Dyer's  paper  "Current  Marine  Engineering  Practice,  &c,"  January 
and  February,  1886. 
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at  the  present  time,  yet  it  is  necessary  that  a  few  remarks 
should  be  made  with  regard  to  its  efficiency  in  preventing  lique- 
faction in  the  cylinders  during  expansion.  We  have  already 
explained  (Lecture  VIII.)  that  superheating  steam  consists  in 
imparting  to  it  an  additional  quantity  of  heat  after  it  has  been 
generated  and  free  from  contact  with  the  water,  so  that  it 
possesses  a  higher  temperature  than  that  corresponding  to  its 
pressure.  The  effect  of  this  high  temperature  during  expansion 
in  the  steam  cylinder  of  an  engine  is,  that  no  liquefaction  takes 
place ;  for,  although  the  steam  loses  heat  and  falls  in  temperature, 
yet,  if  sufficiently  superheated,  its  temperature  never  falls  below 
the  temperature  of  saturation,  and  the  steam  parts  only  with 
some  of  the  additional  heat  which  was  supplied  to  it.  Super- 
heating, therefore,  may  effectually  prevent  liquefaction  in  the 
cylinders,  but  there  are  many  practical  objections  to  the  use  of 
steam  of  this  kind. 

Among  the  first  to  test  the  economy  of  superheating  steam 
was  the  late  Mr.  Penn,  who,  in  1857,  fitted  superheating 
apparatus  into  the  as.  Valetta,  the  immediate  result  of 
which  was  a  saving  of  20  per  cent,  in  the  consumption  of  fueL 
Other  engineers  at  that  time  adopted  the  plan  of  superheating 
the  steam,  and  for  many  years  after,  the  practice  was  general 
in  marine  engines.  With  the  increased  steam  pressures  which 
are  now  being  used,  superheating  has  been  entirely  given  up 
for  the  following  reasons : — 

The  pressure  of  the  steam  operated  upon  by  Mr.  Penn  and 
others,  when  so  much  economy  was  obtained  by  superheating, 
was  only  about  20  lbs.  per  square  inch  above  the  atmosphere,  or 
35  lbs.  absolute.  This  corresponds  to  a  temperature  of  259° 
Pah.,  as  given  by  the  tables  in  Lecture  VII.  (p.  62)  so  that  the 
steam  might  have  a  considerable  quantity  of  heat  added  to  it, 
without  raising  its  temperature  to  any  injurious  extent.  When 
the  steam  is  too  hot,  the  lubricants  of  the  cylinder  and  slide 
valves  become  burnt  up,  or  evaporated,  to  such  an  extent,  that 
abrasion  of  the  valve  faces,  the  sides  of  the  cylinder,  and  the 
piston  rod  takes  place,  causing  leakage  of  steam  and  excessive 
wear.  The  packings  in  the  stuffing  boxes  are  also  severely 
injured  and  give  a  great  deal  of  trouble.  A  temperature  of 
about  360°  Fah.  seems  to  have  been  the  limit  of  practical 
working,  and  certainly  above  400°  Fah.  proper  lubrication 
and  packing  is  a  difficult  matter  with  dry  steam,  but  it  will 
be  seen  that  this  afforded  a  considerable  range  of  temperature 
for  superheating,  with  the  pressure  used  at  the  time  of  Mr.  Penn. 
Now,  however,  steam  pressures  have  been  increased,  until  at  the 
present  time,  pressures  of  150  lbs.  per  square  inch  are  quite 
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common  in  marine  practice,  180  to  200  lbs.  having  been  used 
in  a  few  special  cases.  The  temperature  corresponding  to  1 50 
lbs.  boiler  pressure  is  366°  Fah.,  so  that,  even  were  it  desirable 
to  superheat  the  steam,  that  could  only  be  practically  carried  out 
to  a  very  small  extent.  But  the  economy  effected  by  super- 
heating steam  was  in  a  large  measure  due  to  the  increase  of 
efficiency  of  the  boiler  in  two  ways,  (1)  in  utilising  a  portion  of 
the  heat  of  the  waste  gases,  and  (2)  in  supplying  the  steam 
absolutely  dry.  The  superheating  was  effected  by  passing  the 
steam  through  a  series  of  tubes  placed  across  the  uptake  of  the 
boiler,  so  that  the  hot  gases,  before  passing  up  the  chimney,  gave 
up  a  portion  of  their  heat  to  the  steam.  This  heat  which 
was  thus  utilised,  would  otherwise  have  been  wasted,  and  the 
efficiency  of  the  boiler  was  increased  by  supplying  additional 
heat  to  the  steam  without  increasing  the  consumption  of  fuel. 
It  was  also  found  that  the  saving  of  fuel  by  superheating  the 
steam  was  greatest  when  used  with  boilers  which  were  liable  to 
"prime"  (*.«.,  to  send  over  to  the  cylinders  a  quantity  of  water 
along  with  the  steam),  for  then,  if  the  superheating  did  nothing 
else,  it  thoroughly  dried  the  steam.  The  effect  of  wet  steam 
expanding  in  the  cylinder  has  already  been  pointed  out. 

Effects  of  Clearance. — In  actual  practice,  the  piston  does  not 
come  close  up  to  the  end  of  the  cylinder  at  the  end  of  its  stroke, 
a  small  space  being  of  necessity  left  between  the  piston  and  the 
cover  to  allow  for  the  wear  of  the  journals  and  other  causes. 
Besides  this,  there  is  the  volume  of  the  steam  ports  between  the 
valve  face  and  the  cylinder.  This  combined  space  between  the 
piston  and  the  cylinder  cover,  plus  the  steam  ports,  is  termed  the 
clearance  of  the  cylinder,  and  exercises  an  important  influence 
upon  the  expansion  of  the  steam  ;  for  it  must  be  filled  with  steam 
at  the  moment  of  cut-off,  and  the  volume  of  steam  expanding  is 
equal  to  the  volume  of  the  cylinder  to  the-  point  of  cut-off  +  the 
space  at  the  end  of  the  cylinder  +  the  volume  of  the  steam  ports. 
The  ratio  of  expansion  of  steam  in  a  cylinder,  as  usually  under- 
stood, is 

_    the  volume  of  cylinder  area  x  length  of  stroke 

volume  to  point  of  cut-off  area  x  distance  to  pt.  of  cut-off ' 

but  if  clearance  be  taken  into  account,  the  true  ratio  of  expansion 
is  much  less  than  the  ratio  given  above. 
Let  c    =  fraction  of  the  cylinder's  capacity  representing  clearance, 

„    r   «  ratio  of  expansion  as  above, 

»    ri  =  tru©  ratio  of  expansion  ; 
m,  _  _vol.  of  cylinder  +  clearance       _  1  +  c     r  (1  +  c) 

1 "~  voL  to  pt.  of  cut-off  +  clearance  ~~  1  ~      1  +  cr 


-  + 
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Ill 


The  difference  between  r  and  rx  is  obviously  greatest  with  high 

ratios  of  expansion,  or  early  cut-off,  when  -  may  often  be  equal 

to  c;  hence,  with  high  ratios  of  expansion  the  clearance  Bpacc 
should  be  reduced  to  a  minimum.  An  example  may  make  this 
clearer.  Let  steam  be  cut  off  at  £  of  the  stroke,  then  r  =  8, 
also  let  the  clearance  capacity  =  £  of  the  capacity  of  the 
cylinder ; 


H- 


Therefore,  the  volume  of  steam  admitted  to  the  cylinder  is  really 
only  expanded  4£  times  instead  of  8  times ;  and  it  is  easy  to  see 
that  the  curve  of  expansion  will  be  materially  affected  thereby. 
The  diagram  shows  the  theoretical  curves  of  expansion. 


r(l  +  e)       8(1  +  $ 
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Effect  of  Clearance  on  Expansion  Curve. 

AB  is  the  curve  which  would  be  followed  by  the  steam  expand- 
ing 8  times  with  a  volume,  O  V  (£  OD),  and  pressure,  OP.  AC  is 
the  curve  of  expansion,  which  is  really  followed  by  the  steam 
when  the  clearance  space  is  taken  into  account,  the  volume  being 
OjV,  the  pressure  the  same  as  before,  and  the  expansion  then 
being  only  4£  times.  This  shows  the  importance  of  taking  the 
clearance  into  account  in  considering  indicator  diagrams. 

In  practice  it  is  impossible  to  avoid  clearance  altogether,  but 
the  losses  arising  from  it  may  be  considerably  reduced  by  com- 
pression of  a  portion  of  the  steam  on  the  exhaust  side. 

Compression  or  Cushioning. — This  is  effected,  as  we  pointed  out 
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in  Lecture  XIII.,  by  closing  the  exhaust  port  before  the  piston 
has  completed  its  stroke,  when  any  steam  still  remaining  in  the 
cylinder  is  compressed  into  the  clearance  spaces.  If  the  com- 
pression were  so  great  as  to  raise  the  pressure  of  the  steam  in 
the  clearance  spaces  to  the  initial  pressure  of  the  steam,  loss 
from  the  clearance  spaces  would  be  avoided,  since  they  would 
already  be  full  of  steam  at  the  initial  pressure,  when  the  piston 
began  its  return  stroke.*  The  mean  pressure  of  steam  would, 
however,  be  greatly  reduced  by  such  excessive  cushioning.  The 
useful  extent  of  cushioning,  considered  with  reference  to  the 
motion  of  the  engine  alone,  depends  chiefly  on  the  speed  of  the 
engine.  In  very  fast-running  engines  a  large  amount  of 
cushioning  is  necessary,  in  order  to  check  the  momentum  of  the 
moving  parts  gradually,  and  reverse  the  direction  of  motion 
without  shocks ;  but  if  the  piston  speed  be  slow,  a  less  compression 
will  suffice  to  keep  the  motion  smooth  and  free  from  jerks,  t  These 
considerations  limit  the  amount  of  compression  to  be  used  for  any 
particular  case.  In  engines  having  a  high  ratio  of  expansion  and 
great  piston  velocity,  the  exhaust  steam  might  with  advantage 
be  compressed  up  to  the  initial  pressure,  but  in  other  cases,  a 
moderate  compression  is  all  that  can  be  recommended.  The 
effect  of  compression  on  the  indicator  diagram  is  a  sudden  rise 
in  the  exhaust  or  back  pressure  line  just  before  steam  enters, 
and  is  shown  on  the  following  diagram  by  the  line  m  n. 
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Effects  of  Compression,  Want  of  Lead,  Wire- Drawing,  and  Release. 

Compression  up  to  the  initial  pressure  of  the  steam  has  a 
further  advantage  in  unjacketed  cylinders,  viz.,  that  the  cylinder 
becomes  heated   up  to  the   initial  temperature   of  the   steam 


See  footnote,  p.  114.  t  See  Lecture  XVII. 
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by  the  work  done  upon  it,  and  condensation  of  the  entering 
steam  may,  therefore,  be  greatly  reduced. 

Lead. — It  is  necessary  in  practice,  especially  with  high-piston 
speeds  and  low-pressure  steam,  to  open  the  valve  to  steam  before 
the  piston  has  reached  the  end  of  its  stroke,  in  order  to  assist 
the  compression  and  maintain  the  full  initial  pressure  as  the 
piston  moves  forward,  as  shown  by  the  black  heavy  line,  a  to 
cut  off  This  amount  of  opening  is  termed  the  "  lead "  of  the 
valve.  If  no  lead  be  allowed,  the  valve  is  not  sufficiently  open 
when  the  piston  begins  to  move  forward,  and  the  full  pressure 
of  steam  does  not  come  upon  the  piston  until  it  has  travelled 
over  a  part  of  the  stroke.  The  loss  is  shown  by  the  rounded 
corner,  a  b,  of  the  diagram. 

Wire-drawing. — When  the  steam,  through  insufficiency  of  valve 
opening,  contracted  ports,  or  throttling,  is  prevented  from  following 
up  the  piston  at  full  pressure,  it  is  said  to  be  wire-drawn,  and  its 
effect  upon  the  indicator  diagram  is  the  fall  of  pressure  shown  by 
the  dotted  line,  cd.  With  a  common  slide  valve,  a  certain  amount 
of  wire-drawing  will  always  take  place  at  the  point  of  cut-off,  due 
to  the  slowness  with  which  the  valve  closes  the  port.  This  is 
-clearly  exhibited  in  the  diagrams  of  all  engines  fitted  with  such 
valves,  by  a  rounded  corner  at  the  point  of  "  cut-off."  A  perfect 
valve  should  open  quickly,  and  remain  open  until  the  point  of 
out-off,  then  close  quickly.  These  conditions  are  not  fulfilled  by 
any  of  the  valves  in  ordinary  use,  unless,  perhaps,  the  Corliss 
valve  gear.  The  opening  to  steam  at  any  point  should  be 
sufficiently  large  to  allow  the  steam  to  pass  through  at  a  velocity 
of  from  6,000  to  8,000  feet  per  minute. 

Release. — Besides  admitting  steam  before  the  end  of  the  stroke, 
it  is  also  necessary  to  release  the  steam  on  the  other  side  of  the 
piston  before  the  end  of  the  stroke,  in  order  to  prevent  exces- 
sive back  pressure.  This  has  the  effect  of  rounding  the  right- 
hand  corner  of  the  diagram,  as  shown  by  the  line,  efgy  showing 
a  very  small  loss,  whereas,  if  steam  be  carried  to  the  end  of  the 
stroke  before  exhausting,  the  diagram  will  take  the  form  shown 
by  the  line,  A&,  and  excessive  and  wasteful  back  pressure  will  be 
the  result. 

Theory  of  Compound  Engines. — Having  now  studied  the  prin- 
cipal points  in  connection  with  the  actual  expansion  of  Bteam 
in  a  steam  cylinder,  we  are  in  a  position  to  explain  the  advan- 
tages of  the  compound  engine  over  the  simple  expansive  engine. 

While  explaining  Watt's  diagram  of  work,  we  pointed  out  the 
gain  in  work  done  by  using  steam  expansively ;  but,  while  using 
low-pressure  steam,  such  as  that  in  use  at  the  time  of  Watt  or 
even  at  a  later  period,  only  a  limited  amount  of  expansion  could 
be  used.     When  the  advantages  of  high-pressure  steam  became 
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generally  recognised  and  greater  pressures  were  adopted,  a  higher 
ratio  of  expansion  became  possible,  and  it  is  economically  to  take 
advantage  of  this  increased  amount  of  available  expansion,  that 
engines  are  now  made  on  the  compound  principle. 

From  what  has  been  already  stated,  the  student  will  see  that 
the  amount  of  liquefaction  which  takes  place  in  the  cylinder  of 
an  engine,  varies  with  the  difference  between  the  initial  and  final 
temperatures,  therefore  the  loss  from  liquefaction  in  any  cylinder 
increases  as  we  increase  the  ratio  of  expansion.  The  principle 
of  the  compound  engine,  then,  consists  in  dividing  the  expansion 
into  two  or  more  stages,  and  carrying  out  each  stage  of  expansion 
in  a  separate  cylinder,  so  as  to  reduce  the  variation  of  pressure  and 
temperature  in  each  cylinder.  For  some  time  there  was  great 
diversity  of  opinion  as  to  the  advantages  of  the  compound  system, 
some  maintaining  that  it  was  a  needless  complication;  but 
actual  practice  has  now  proved  beyond  doubt  that,  if  properly 
proportioned,  the  compound  engine  is  much  more  economical  in 
consumption  of  fuel  for  a  given  power,  than  the  simple  expansive 
engine.  Not  only  is  the  amount  of  liquefaction  reduced  in  the 
compound  system,  but  any  re-evaporation  of  condensed  steam 
which  may  take  place  in  the  high-pressure  or  intermediate 
cylinders  during  exhaust,  is  not  a  direct  source  of  loss,  for, 
although  increasing  the  back  pressure  in  these  cylinders,  it  is  not 
discharged  into  the  condenser,  but  passes  on  to  the  next  cylinder, 
and  does  useful  work  there.  The  loss  from  clearance  is  also  less 
in  compound  engines,  for,  as  we  have  shown,  the  loss  from  this 
cause  increases  with  the  ratio  of  expansion.  In  the  simple 
engine,  with  a  high  ratio  of  expansion,  there  is  of  necessity 
a  wide  variation  of  pressure  on  the  piston.  This  causes  an 
irregularity  of  rotational  effort  on  the  crank-pin,  which  is  objec- 
tionable, and  the  initial  stress  (which  all  the  working  parts 
must  be  strong  enough  to  withstand)  is  far  in  excess  of  the 
mean  stress.  This  is  another  disadvantage  which  is  remedied 
by  the  compound  arrangement.  Numerous  diagrams  of  compound 
engines  will  be  given  later  on. 

FottfKOTK  to  fags  111— This  woald  only  be  etrlotly  trne  of  an  engine  whloh  expended 
right  down  to  the  back  pressure  line,  an  engine  whose  indicator  card  had  only  four  Bides, 
in  lact  a  Camot's  recersibfe  engine,  wheie  the  cooling  takes  place  entirely  by  expansion,  and 
the  iieadng  entirely  by  compression.  The  indicator  card  of  a  praotioal  steam  engine  has 
five  sides,  and  as  there  is  a  snddon  drop  of  temperature  from  the  point  of  release  to  that  of 
the  back  pressure,  we  actually  expenu  more  work  upon  compressing  the  clearance  steam 
than  it  exerts  on  the  power  stroke. 
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Legtubb  XIV.— Questions. 

1.  State  your  reasons  concisely  for  concluding  that  it  is  more  economical 
to  use  steam  at  a  pressure  of  3  or  4  atmospheres,  with  expansion  and  con* 
densation,  rather  than  to  employ  it  at  the  atmospheric  pressure  with 
condensation,  but  without  expansion. 

2.  Trace  what  happens  in  the  working  of  a  steam  engine  when  the 
cylinder  is  not  provided  with  a  steam  jacket. 

3.  State  the  law  according  to  which  superheated  steam  expands  in  volume 
when  its  temperature  is  raised  under  a  constant  pressure.  When  steam  is 
superheated  for  the  supply  of  an  engine  in  the  usual  manner,  does  its 
pressure  rise  above  that  in  the  boiler  ?    Explain  fully. 

4.  Distinguish  between  superheated  steam  and  saturated  steam.  Accord- 
ing to  what  law  is  the  pressure  of  superheated  steam  affected  wheu  it  is 
compressed  into  a  smaller  space  ?  What  happens  in  the  case  of  saturated 
steam  ? 

5.  What  is  the  obiect  of  a  steam  jacket  ?  In  what  way  does  the  absence 
of  the  jacket  affect  the  indicator  diagram  ? 

6.  What  are  the  principal  causes  for  the  presence  of  water  in  the 
cylinders  of  steam  engines?  What  methods*  have  been  employed  to 
diminish  the  loss  due  to  initial  condensation  and  subsequent  re-evaporation 
in  the  cylinders  ?  Hence  state  the  advantages  which  result  from  the  use 
of  compound  cylinder  engines. 

7.  Show  that  no  more  work  is  obtained  from  a  given  quantity  of  steam 
by  passing  it  through  two  cylinders,  as  in  a  compound  engine,  than  by 
admitting  it  into  a  low-pressure  cylinder  only  with  the  same  degree  of 
expansion,  on  the  supposition  that  no  heat  is  conducted  away  and  radiated 
by  the  sides  of  the  cylinders. 

8.  Define  the  terms  "clearance"  and  "ratio  of  expansion  "as  applied 
to  a  steam  engine.  Draw  a  theoretical  indicator  diagram  for  a  condensing 
engine,  where  the  steam  is  cut  off  at  £  stroke.  Mark,  on  this  diagram, 
in  dotted  lines  and  writing,  the  effects  of  (a)  clearance,  (b)  late  admission, 
(c)  wiredrawing,  (d)  late  release,  and  (e)  too  early  compression.  Steam  at 
30  lbs.  initial  pressure  by  gauge  expands  to  12  lbs.  absolute  at  point  of 
release.  Find  ratio  of  expansion,  given  clearance  =»  5  per  cent,  of  stroke, 
and  release  taking  place  at  7  per  cent,  of  stroke  before  the  end.    An*.  4. 

9.  Explain  the  difference  between  isothermal,  saturation,  and  adiabatio 
expansion  of  steam,  and  draw  roughly  the  curves  for  each  in  one  diagram. 

10.  What  is  meant  by  the  term  *'  clearance  ? "  Assuming  that  the  clearance 
has  been  reduced  to  an  equivalent  length  of  the  stroke  of  piston,  which  is  4 
feet,  and  taking  the  case  where  steam  is  cut  off  at  half  stroke,  the  clearance 
being  3  inches,  you  are  required  to  compare  the  pressure  of  the  steam,  when 
3  feet  of  the  stroke  are  made,  with  the  pressure  under  the  same  circumstances 
if  there  were  no  clearance.    {Adv.  8.  and  A.  Exam.,  1SS8. )    Ann,  27  :  26. 

1 J .  A  compound  condensing  engine,  with  cranks  at  right  angles  and  an 
intermediate  receiver,  has  cylinders  of  14  and  24  inches  diameter  respectively, 
each  with  a  stroke  of  36  inches.  Draw  the  indicator  diagrams  which  you 
would  expect  to  obtain  from  the  cylinders  supposing  steam  of  90  lbs. 
absolute  pressure  is  admitted  to  the  high-pressure  cylinder  and  is  cut  off  at 

half  stroke,  the  steam  in  the  low-pressure  cylinder  being  cut  off  at  ^  stroke, 

and  the  condenser  showing  a  back  pressure  of  4  lbs.  absolute.    Attach  a 
scale  of  inches  and  pounds  to  your  diagram.    [Adv.,  1883.) 
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Appendix  to  Lecture  XIV. 

Empirical  Formulae  for  the   Pressure,  Density,  Volume, 

and  Work  op  Steam,  by  Mr.  James  Brownlee, 

Engineer,  Glasgow. 

Let  t   =  temp.  Fah.  at  different  pressures  in  table,  page  118. 
r  =  absolute  temperature  =  t  +  460. 
p  =  absolute  pressure  in  lbs.  per  square  inch. 
P  =  absolute  pressure  in  lbs.  per  square  foot,  or  P  =  144  jk 
L  =  latent  heat  in  foot-lbs.  of  one  cubic  foot  of  steam,  or 

say  as  much  heat  as  would  produce  one  cubic  foot 

more  in  the  state  of  vapour  than  in  the  liquid  state, 

under  any  constant  pressure,  P. 
D  =  density  or  weight  of  one  cubic  foot  of  ordinary  steam 

under  any  pressure,  P. 
V  =  volume  in  cubic  feet  of  one  lb.  weight  of  steam  at  any 

pressure,  P. 

1.  To  find  the  pressure,  p,  at  any  temperature,  t    . — 

Log. ,_  6-1993544  -^g^; 

and,  conversely,  to  find  the  temperature,  t,  the  pressure  being 

given — 

.      /  2938-16  \      ,„„ 

<=Ul993544-log.y)-37185- 

2.  The  latent  heat  in  foot-lbs.  of  one  cubic  foot  of  steam  at  any 
pressure,  P  lbs.,  per  square  foot    . — 


t   _  yfr  x  2938-16  x  log.  t  1(TI 
L  ('  +  371-85)2  J 


or 


Log.  L  =  3-83029  +  log.  P  +  log.  r  -  2  log.  (t  +  371*85). 

3.  To  find  tlie  latent  heat  in  units  of  heat,  divide  the  above 
by  772. 

The  weight  in  lbs.  of  one  cubic  foot  of  steam     . — 

"Ml 

D  "  3^36'  °r  l0g"  D  =  '941  l0g' p  ~  2'519- 

4.  The  volume,  V,  in  cubic  feet  of  one  lb.  of  steam  atony  pressure, 
p,  is   ,— 

V  -  ?^6,  or  log.  V  =  2-519  -  941  log.  j>; 
and,  therefore,  log.  P  V  =  4-55  +  -059  x  log.  P. 
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When  any  volume,  Yv  cubic  feet  of  steam  expands  under 
pressure  to  the  larger  volume,  V3,  and  just  sufficient  heat  being 
supplied  to  prevent  any  portion  from  condensing  while  expanding 
to  the  larger  volume,  V2,  the  initial  pressure,  Pj,  would  fell  to 
the  lower  pressure,  P^  and 


*.-*$* -*,&r 


Then,  as  -A->„w-  =  16*95,  let  us  suppose  one  lb.  of  steam  to  be 
•Uo  Z  i 

admitted  against  a  movable  piston  at  the  constant  pressure,  Px; 

then  expanded  down  to  any  lower  pressure,  P2  (sufficient  heat 

being  supplied   through   the  casing  to  prevent  any  portion  of 

the  steam  within  the  cylinder  from  liquefying  while  expanding), 

and   finally  expelled  into  the  atmosphere  or  condenser  at  the 

terminal  pressure,  P2. 

5.  The  maximum  work  in  foot-lbs.  per  lb.  of  steam  under  these 
conditions  would  be — 

w  =  ^m  (piyi  ~  p«v«>  -  16'95<pivi  -  p*v«)- 

If  the  terminal  pressure,  Ps  (down  to  which  the  steam  expands) 
is  higher  than  the  atmospheric  pressure,  or  than  the  pressure 
in  the  condenser,  if  a  condensing  engine,  the  pressure  on 
opening  the  exhaust  passage  will  in  that  case  fall  to  some  lower 
pressure,  P8,  and  we  will  then  obtain  the  additional  work 
«  V2(P2-  P?);  sothat- 

6.  The  maximum  work  per  lb.  of  steam  admitted  into  the 
cylinder  is  given  by  the  expression — 

W  =  16-95  (P,  V,  -  P2  V,)  +  V2(P2  -  Ps). 

From  the  above  formula  the  value  of,  W,  was  calculated  as 
entered  in  the  following  table. 

Note. — If  steam  followed  Boyle's  law  while  expanding,  the 
maximum  work  per  lb.  of  steam  would  be  strictly  proportional 
to  the  logarithm  of  the  number  of  times  which  the  pressure  in 
the  condenser  is  contained  in  the  boiler  pressure. 
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In  the  first  column  of  the  Table  are  entered  the  absolute  pressures  in  lbs. 
per  square  inch.  In  the  second,  the  temperature  Fah.  corresponding  to 
these  pressures— beginning  with  a  pressure  of  1  lb.  and  temperature  of 
102°*1,  and  going  up  to  a  pressure  of  300  lbs.  and  temperature  of  417**5. 
In  the  third  column,  the  pressure,  P,  in  lbs.  per  square  foot  is  simply  144 
times  the  pressure  in  lbs.  per  square  inch.  The  figures  in  the  fourth 
column  denote  the  volume  in  cubic  feet  of  1  lb.  weight  of  steam  at  the 
various  pressures — the  volume  at  1  lb.  per  square  inch,  or  144  lbs.  jier 
square  foot,  being  330*36  cubic  feet ;  whereas,  at  300  lbs.  pressure,  the 
volume  is  only  1  '642  cubic  feet.  The  figures  in  the  fifth  column  are  simply 
the  product  of  those  in  the  third  and  fourth. 

If,  for  example,  a  movable  piston  were  propelled  through  330*36  cubio 
feet  of  space,  under  a  pressure  of  144  lbs.  per  square  foot,  the  work  done 
would  be  144  x  330*36  =  47,670  foot-lbs. ;  but,  since  the  back  pressure  of 
steam  is  generally  much  more  than  144  lbs.  per  square  foot,  no  useful  work 
can  be  obtained  from  steam  of  that  pressure. 

In  the  sixth  column  is  entered  the  maximum  useful  or  effective  work  in 
foot-lbs.  of  1  lb.  weight  of  steam  of  the  various  pressures  and  temperatures 
figured  in  the  first  and  second  columns,  under  the  following  conditions: — 
1st,  The  steam  shall  be  expanded  down  to  a  constant  pressure  of  5  lbs.  and 
temperature  of  162°  "3,  and  shall  be  supplied  with  heat  just  sufficient  to 
prevent  any  portion  from  liquefying  while  expanding;  and  2nd,  It  is 
assumed,  in  computing  these  figures,  that  the  back  pressure  of  steam 
against  the  piston  is  constantly  2  lbs.  per  square  inch,  or  288  lbs.  per 
square  foot.  It  will  be  observed  that  the  first  figures  in  this  sixth  column 
are  31,390,  which  is  the  maximum  useful  work  of  72*66  cubic  feet  (1  lb. 
weight)  of  steam  (with  no  expansion)  when  admitted  at  a  constant  pressure 
of  720  lbs.  per  square  foot  and  discharged  into  the  condenser,  under  a 
constant  opposing  pressure  of  288  lbs.  per  square  foot.  The  difference  of 
pressure  on  the  opposite  sides  of  the  piston  being  720  -  288  =  432  lbs.  jier 
square  foot.  The  useful  effect  obtained  while  the  piston  travels  72*66  feet 
under  an  active  pressure  of  432  lbs.  is  432  x  72*66  =  31,390  foot-lbs.  as 
entered  in  column  six. 

The  quantity  of  heat  required  to  produce  1  lb.  of  steam,  at  a  pressure  of 
6  lbs.,  from  water  supplied  from  the  hot  well  at  a  temperature  of  100°,  is 
1013*4  +  '305  x  162*3  =  1062*9  =  H,  as  entered  in  column  eight.  When 
the  exhaust  valve  opens,  the  pressure  suddenly  falls  from  5  to  2  lbs.,  and 
in  place  of  72*66  cubic  feet  of  steam  at  a  temperature  of  162°  *3,  we  have 
left  in  the  cylinder  72*66  feet  at  a  temperature  of  126°*3  and  pressure  of  2 
lbs.,  whioh  will  weigh  '422  lbs. 

Now,  while  this  '422  lbs.  expands  from  a  pressure  of  6  to  2  lbs.,  and  does 
work  in  expelling  from  the  cylinder  '678  lbs.,  nearly  14  units  of  heat  mubt 
be  supplied  through  the  casing,  so  as  to  prevent  any  portion  of  this  '422 
lbs.  from  liquefying  while  expanding,  ana  another  7  units,  it  is  roughly 
estimated,  may  be  taken  up  by  the  first  *578  lbs.,  which  suddenly  leaves 
the  cylinder  when  the  exhaust- valve  opens,  so  that  the  total  heat  required 
per  lb.  of  steam  under  these  conditions,  is  1062  9  +  21  =  1083*9,  as  entered 
in  column  ten.  Then,  since  31,390  foot-lbs.  is  the  work  obtained  from 
1083*9  units  of  heat,  the  work  per  unit  of  heat,  to  =  31,390  -*-  1063*9  =  29 
foot-lbs.,  as  entered  in  column  eleven.  The  quantity  of  heat  transmitted 
to  the  boiler,  per  lb.  of  Scotch  coal  consumed,  seldom  exceeds  8,000  units, 
whereas,  one  lb.  of  the  best  Welsh  coal  often  yields  more  than  10,000  units, 
and  this  is,  therefore,  the  quantity  assumed  to  be  transmitted  to  the  boiler 
in  computing  the  coal  required  per  horse-power  per  hour.  Since  33,000 
foot-lbs.  per  minute,  or  60  x  33,000  =  1,980,000  foot-lbs.  per  hour,  is  taken 
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as  one  horse-power,  the  quantity  of  coal  required  per  horse- power  per  hour 

.     ,.      .  ,       .„  ,     n  1,980,000        198      c  co  „ 

in  the  foregoing  example  will  be  C  =  iq  qqa — oo  =  oo  ™  6'^  ^bs-»  M 

entered  in  column  twelve. 

Let  us  now  look  down  the  first  column  of  the  Table  till  we  come  to  a 
pressure,  p,  of  15  lbs.,  or  Pi  =  2,160  lbs.,  per  square  foot  when  the  volume, 
V,,  of  1  lb.  of  steam  is  25'84  cubio  feet,  and  the  product,  Pi  Vj  =  2,160  x 
25*84  =  55,815,  as  entered  in  the  fifth  column.  Now,  supposing  this  25 '84 
cubic  feet  of  steam  to  be  admitted  at  a  pressure  of  15  lbs.,  then  expanded  to 

a  volume  of  72*66  cubic  feet— that  is,  72*66  -f-  25*84  =  2*81  times  =  y-,  as 

entered  in  column  seven— when  the  pressure  would  fall  to  5  lbs.,  and 
finally  expelled  at  the  latter  pressure  by  the  return  of  the  piston,  the  work 
per  Id.  of  steam  under  these  conditions  would  be  16*95  (Pi  Vi  -  Pf  Vj) 
=  16*95  x  (55,815  -  52,316)  =  16*95  x  3,499  =  59,302  foot-lbs— to  this 
add  the  work  formerly  shown  to  be  obtained  from  1  lb.  of  steam  of  5  lbs. , 
working  against  a  back  pressure  of  2  lbs.  per  square  inch— viz.,  V2 
(P,  -  p8)  =  72  66  x  (720  -  288)  =  31,390  foot-lbs.,  and  31,390  +  59,302 
=  90,692  foot-lbs.  =  W,  as  entered  in  column  six — this  being  the  maximum 
useful  effect  of  1  lb.  of  steam  of  atmospheric  pressure  when  expanded  to 
2*81  times  the  initial  volume  and  finally  discharged  into  the  condenser  at  a 
pressure  of  2  lbs. 

The  quantity  of  heat  required  to  generate  this  steam  from  water  at  100° 
is  H  =  1013*4  +  '305  x  213*1  =  10784,  as  entered  in  column  eijght,  and 
the  additional  quantity  requisite  to  prevent  any  portion  from  liquefying 
while  expanding  and  falling  from  the  initial  temperature,  ti  =  213° '1,  to 
the  lower  temperature,  t2  =  162°  *3,  and  pressure  of  5  lbs.  is  h  =  16*95 
(P,  V,  -  P,V8)  -{-772  -  -305  (*i  -  *j)  =  59,3024-772  -  *305  (213*1  -  162*3) 
=  76*9  -  15*5  =  61*4  units,  as  figured  in  column  nine;  and,  assuming 
the  cylinder  to  be  robbed  of  21  units,  as  before  mentioned,  while  the  steam 
is  escaping  into  the  condenser,  the  whole  heat  required  per  lb.  of  steam 
will  then  be  H  +  h  +  21  =  1078*4  +  61*4  +  21  =  1160  8,  as  entered  in  the 
tenth  column,  and  the  work  per  unit  of  heat  transmitted  to  the  boiler  is 

W 
to  =  p   ,  ,    ,  ol-  =  90,692 ~-  1160*8  =  78*1  foot-lbs.,  as  entered  in  column 

eleven.    Hence,   the  coal  required  per  hour  per  horse-power  computed, 

198 
as  has  been  shown,  is  C  =  —  =  198  -f-  78*1  =2*54  lbs.  nearly,  as  entered 

in  column  twelve.  In  looking  down  this  column  (twelve)  of  the  Table, 
it  will  be  observed  that  only  half  this  quantity  of  coal  (1*27  lbs.  per  hour 
per  horse-power)  is  required  with  steam  admitted  at  100  lbs.  pressure, 
expanded  to  16*76  times  the  initial  volume  when  the  pressure  would  fall 
as  before  to  5  lbs.  With  steam  of  60  lbs.  (which  corresponds  to  about 
45  lbs.,  as  indicated  by  the  ordinary  pressure  gauge)  expanded  to  10*36 
times  (the  pressure  again  falling  to  5  lbs. )  the  coal  consumed  per  indicated 
horse-power  per  hour,  as  computed  and  entered  in  column  twelve  of  the 
Table,  is  only  1*46  lbs.  The  work  per  unit  of  heat  transmitted  to  the 
boiler  being  135*3  foot-lbs.,  which  corresponds  to  an  engine  efficiency  of 
135*3  -f-  772  =»  *  175  or  174  1*5  cent.,  and  this  is  -perhaps  a  higher  duty 
than  has  yet  been  realised  in  practice  from  any  heat  engine  whatever. 
It  must  be  observed,  however,  that  no  allowance  is  here  made  for  loss 
from  clearance  space. 

The  last  six  columns  of  the  Table  refer  to  a  non-condensing  engine, 
and  as  the  feed- water  can  be  readily  heated  by  the  exhaust  steam  to  about 
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212°,  it  is  assumed  that  the  boiler  is  supplied  with  water  at  this  temper- 
ature, so  that  the  quantity  of  heat  required  to  convert  one  lb.  of  this 
water  into  steam  at  any  higher  temperature,  t\  becomes  H  =  965*5  +  '905 
(<!  -  212).  At  a  pressure  of  100  lbs.,  for  example,  when  the  temperature 
is  327;8,  we  have  H  =  965*5  +  305  (327  8  -  212)  -  1000*8,  as  entered 
(opposite  100  lbs.  pressure)  in  column  fifteen.  At  this  pressure  Pi  Vi  = 
62,430,  while  at  15  lbs.  Pa  V2  =  55,815.  Hence,  by  admitting  4*325  cubic 
feet  of  100  lbs.  pressure  steam,  then  expanding  to  a  volume  V8  =  25*84 

cubic  feet,  that  is  25*84  —  4*335  =  5*96  times  =  (y*)>  **  entered  in 

column  fourteen.  When  the  pressure  would  fall  to  15  lbs.,  and  finally 
expelling  at  the  latter  pressure,  the  maximum  effective  action  could  not 
exceed  W  =  16*95  (62,430  -  55,815)  =  112,120,  as  entered  in  column 
thirteen ;  and  the  quantity  of  heat  which  must  be  supplied  to  this  steam 
while  expanding  from  100  down  to  15  lbs.  is  h  =  112,120-7-772  -  '305 
(327*8  -  213  1)  =  110*4,  as  figured  in  column  sixteen.  Then,  as  the  whole 
heat  taken  from  the  boiler  is  H  +  h  =  1000*5  +  110*4  =  1111  units,  the 
work,  10.  is  112,120 -f- 1111  =  101  foot-lbs.  per  unit  of  heat,  which  corre- 
sponds to  an  efficiency  of  101  -=-772  —  '13,  or  say  of  13  per  cent,  of  the 
heat  supplied  to  the  engine  being  converted  into  work.  The  coal  required 
per  horse-power  per  hour  being  198  -—  v>  =  198 -4- 101  =1  '96  lbs.,  as  entered 
in  the  last  column  of  the  Table. 

With  100  lbs.  pressure  steam  expanded  to  16*76  times  the  initial  volume, 
it  will  be  observed  that  the  condensing  engine  requires  only  1*27  -5- 1  *96  =  *65, 
or  say  65  per  cent,  of  the  coal  to  do  the  same  work  as  a  non-condensing 
engine,  when  working  with  steam  of  the  100  lb.  pressure,  but  expanded 
to  only  5*96  times  the  initial  volume. 
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LECTURE  XV. 

Contents.— Watt's  Indicator— Richard's  Indicator— Taking  of  Indicator 
Diagrams — Examples  of  Indicator  Diagrams  from  Non-condensing,  Con- 
densing, Two-Cylinder  Compound  Engines,  Triple  Expansion  Engines. 

Watt's  Indicator. — Watt  was  the  first  who  recognised  fully 
the  importance  of  gaining  some  knowledge  of  the  action  of  steam 
in  the  steam  cylinder  of  an  engine,  and  the  first  form  of  indicator 
was  the  result  of  his  efforts  in  that  direction.  The  figure  shows 
an  improved  form  of  Watt's  indicator,  by  which  a  complete 
diagram  could  be  traced  out. 

It  consists  essentially  of  a  steam 
cylinder,  C,  about  1"  diameter  and 
6"  long,  having  a  solid  piston,  P, 
accurately  fitted  into  it.  The  cylin- 
der is  open  at  the  top,  and  is  fitted 
with  a  steam  cock,  S  C,  at  the 
bottom,  which  is  screwed  into  the 


Index. 

S  C  for  Steam  cock. 

C 

»» 

Cylinder. 

P 

»t 

Piston. 

ss 

»» 

Spiral  spring. 

5 

Pencil 

?> 

Frame  (wood). 

SB 

»» 

Sliding   board 

paper). 
Indicator  card. 

(covered 

with 

IC 

W 

it 

Weight  attached  to  cord  for  re- 

turn motion  of  S  B. 

cylinder  cover  of  the  engine,  or 
into  the  engine  cylinder  itself  close 
to  the  end.  A  small  rod  is  fitted 
into  the  piston  at  one  end,  and 
carries  a  pencil,  p,  at  the  other, 
which  can  operate  on  a  sheet  of 
paper  fixed  on  the  sliding  board,  S  B,  in  front  of  it.  The  sliding 
board  can  move  horizontally  in  the  frame,  and  receives  its  motion 
by  means  of  a  cord  which  is  fastened  to  some  reciprocating  part 
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of  the  engine,  the  period  of  whose  motion  is  identical  with  that  of 
the  piston  of  the  engine.  The  return  of  the  board  is  effected  by 
means  of  the  weight,  W,  and  the  cord,  while  the  vertical  motion 
of  the  piston  is  controlled  by  a  spiral  spring,  S.  S. 

When  the  instrument  was  first  brought  into  use  by  Watt,  the 
pencil  moved  in  front  of  a  graduated  scale,  but  no  lateral  motion 
was  given  to  the  paper,  hence,  all  the  information  obtainable 
was  the  pressure  of  the  steam  in  the  cylinder,  or  the  perfection 
of  the  vacuum.  The  addition  of  the  sliding  board,  however, 
enables  a  complete  diagram  to  be  set  out,  and  the  steam  pressure 
and  vacuum  ascertained  at  any  point  of  the  stroke.  The  importance 
of  this  improvement  will  be  at  once  apparent. 

Richard's  Indicator. — The  indicator  in  most  general  use  up  to 
100  revolutions  per  minute  is  Richard's  indicator. 

The  figure  on  this  page  is  a  section  of 
the  cylinder,  0,  which  is  made  of  brass,  and 
one-half  square  inch  in  sectional  area.  It  is 
closed  on  the  top  by  a  cover  which  forms 
a  guide  for  the  piston  rod,  P  R  The  spiral 
spring,  S  S,  is  fixed  to  the  cover  and  to  the 
piston,  and  a  complete  set  of  these  springs, 
suitable  for  working  at  different  pressures, 


Index. 
PR  for  Piston  rod. 
S  S     „    Spiral  spring. 
P       „    Piston. 
A       ,,    Arm. 


is  usually  supplied  with  the  instrument. 
The  special  feature  of  this  indicator  is  the 
small  movement  of  the  piston,  which  acting 
through  the  parallel  motion  produces  a  dia- 
gram quite  as  large  as  in  the  older  forms 
of  indicator. 

When  the  piston  of  an  indicator  has  a 
long  travel,  the  motion  of  the  pencil  be- 
comes jerky  and  irregular;  on  the  sudden  admission  of  steam  the 
pencil  rises  too  high,  and  on  the  opening  to  exhaust  it  falls  too 
low,  and  the  whole  diagram  appears  irregular  and  jagged.  This 
defect  is  remedied  in  Richard's  indicator  by  using  a  strong  spring 
decreasing  the  travel  of  the  piston.  The  arm  which  carries  and 
the  parallel  motion  is  capable  of  rotating  round  the  cylinder 
as  an  axis,  so  that  the  pencil  may  be  removed  from  the  drum, 
D,  and  the  tracing  of  the  diagram  stopped  at  any  point.  The 
indicator  card  is  wrapped  round  the  drum  and  made  feist  by 
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the  two  clips  shown  in  the  figure.  The  drum  is  rotated  by 
means  of  the  string,  S,  and  the  return  is  effected  by  a  spring 
fixed  inside  the  drum,  as  seen  in  the  figure  on  last  page. 


Richard's  Indicator  por  Slow  Speed  Engines. 
(See  Indexes  to  figures  on  last  and  on  next  page.) 
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Index* 

for  Cylinder* 
t,    Steam  eo>  U, 
r,    Parallel  motion. 
,,     Ann  capable  of  turning  round  C, 
M     Drum  for  carrying  paper. 
n     Guide  pulley  a  for  motion  eotd  or 
wire. 


The  improvement  over  Richard's  indi* 
cator  consists  in  a  much  lighter  ami  freer 
working  parallel  motion,  and  in  a  much 
lighter  drum*  so  that  the  inertia  of  the 
moving  parts  may.  as  little  aa  passible, 
distort  and  lengthen  the  diagram  when 
the  speed  is  high,  (For  the  latent  high- 
speed indicator,  see  Index  and  Appen 


ThovpsoiTs  Indicator  bt  Messrs.  Schafter  A  Bun*KBts0. 
For  Speeds  dp  to  160  Revolutions  per  minute. 
For  two  important  papers  and  discussion  on  "The  Steam  Engine  Indicator.'*  see  Proe. 
Jnsl.  C.h\%  vol.  lXExiiL,  by  Prof.  O.  Reynold*  and  Mr.  Brightmore,  issued  March,  1886,  also 
**Tb«  Steam  Engine  Indicator,"  by  Beaumont,  in  Th*  Electrician  Series. 
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•  See  note 
next  page. 


In  most  engines  a  small  pipe  is  fixed  outside  the  cylinders  and 
communicating  with  both  ends  *  The  indicator  is  attached  to 
this  pipe.  The  pipe  is  fitted  with  a  two-way  cock,  so  that  a 
diagram   may  be  taken  from  either  end  of   the  cylinder  at 

pleasure.  The  dia- 
gram shows  the  method 
of  attaching  the  indi- 
cator to  an  inverted 
cylinder  marine  engine. 
The  string  or  steel 
wire,  S,  is  attached  to 
the  air-pump  lever,  and 
its  travel  must  be 
rather  less  than  the 
circumference  of  the 
drum,  D.  Before  ad- 
mitting steam  into  the 
indicator  the  "  atmo- 
spheric line "  should 
be  drawn.  This  is 
done  by  turning  the 
steam  cock,  SO,  so 
that  the  indicator 
piston  is  put  into 
direct  communication 
AmpuwPLEVER.  wit]1    the    atmosphere 

through  a  small  hole,  and  then  bringing  the  arm  which  carries 
the  pencil  up  to  the  rotating  drum  when  a  horizontal  line  is 
drawn.  This  line  is  marked  A  L,  for  "  Atmospheric  Line,11  on 
the  diagrams  throughout  this  book. 

Indicator  Diagrams. — Having  studied  in  the  last  lecture  the 
various  effects  produced  on  the  theoretical  indicator  diagram 
by  clearance,  lead,  compression,  release,  and  such  other  arrange- 
ments as  are  required  in  practice  for  the  proper  expansion  of 
steam  in  the  cylinder  of  an  engine,  we  are  in  a  position  to 
examine  and  comment  upon  a  few  indicator  diagrams  taken 
from  actual  practice. 

The  annexed  diagram  is  taken  from  a  horizontal  non-condensing 
engine  (sometimes  wrongly  termed  a  high-pressure  engine),  and, 
as  will  be  seen,  the  diagram  is  exceptionally  good.  The  steam 
pressure  rises  almost  instantaneously,  as  shown  by  the  vertical 
admission  line,  and  is  well  sustained  up  to  the  point  of  cut- 
off, the  line  POO  being  perfectly  horizontal.  At  the  point  of 
cut-off,  00,  a  very  slight  wire-drawing  may  be  seen  by  the 
rounded  corner,  but  *t  is  very  inappreciable  and  testifies  to  the 
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efficiency  of  the  valve  gear.  The  release  of  the  exhaust  steam 
takes  place  at  the  point  R,  but  might,  with  advantage,  have  been 
effected  a  little  sooner.  The  exhausting  of  the  steam  is  very 
effectually  carried  out,  as  the  back  pressure  falls  quite  down  to 
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the  atmospheric  line,  A  L.  The  amount  of  compression  shown 
is  too  little,  and  a  larger  compression  would  no  doubt  make 
the  engine  work  more  smoothly  at  the  dead  points,  for  a  slight 
knocking  was  observable.  In  this  engine,  however,  the  piston 
speed  is  very  slow,  viz.,  160  feet  per  minute,  so  that  a  large 
amount  of  compression  is  not  necessary. 


The  above  is  an  actual  diagram  from  a  condensing  engine,  and 
presents  one  or  two  defects  which  we  shall  notice  briefly.  First, 
the  amount  of  compression  is  too  small  and  the  valve  has  not  had 
sufficient,  if  any,  lead.  The  absence  of  proper  cushioning  is 
shown  by  the  very  small  rounded  corner  at  the  point  0,  and  the 
sloping  away  of  the  admission  line  from  the  vertical  shows  that 
the  valve  has  not  been  sufficiently  open  when  the  piston  reached 
the  end  of  its  stroke.  Had  the  valve  been  set  to  give  more  lead, 
the  admission  line  would  have  coincided  with  the  vertical  dotted 
line,  and  it  is  evident  that  the  non-coincidence  of  these  lines 
cannot  be  due  to  wire-drawing  in  the  steam  passages.  For, 
when  once  the  full  pressure  comes  on  the  piston,  it  is  fully 
sustained  (as  shown  by  the  horizontal  steam  line)  until  the 
valve  approaches  the  point  of  cut-off,  when  the  usual  wire-draw- 
ing takes  place,  due  to  the  slow  motion  of  the  slide  valve,  and 
is  clearly  shown  by  the  rounded  corner  on  the  diagram.  Since 
this  diagram  is  taken  from  a  condensing  engine  the  steam  exhausts 
into  a  condenser,  and  the  back  pressure  or  vacuum  line  falls  far 
below  the  atmospheric  line,  AL,  but  release  has  been  given 
rather  late  as  shown  at  R. 

Compound  Engine  Diagrams.— Diagrams  from  the  cylinders  of 
a  compound  engine  should  all  be  taken  at  the  same  time,  so  that 
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the  conditions  of  boiler  pressure,  cut-off,  <fcc.,  under  which  each 
diagram  is  taken,  may  be  the  same.  Since  the  pressure  of 
steam  in  each  cylinder  is  different,  springs  of  different  strengths 
are  used  in  each  indicator,  and  hence  the  diagrams  of  different 
cylinders  are  all  to  different  scales.  From  these  separate 
diagrams,  therefore,  we  cannot  get  much  information,  except  as 
regards  the  working  of  the  valves  and  the  amount  of  work 
developed  by  each  cylinder.  In  order  to  tell  accurately  the 
extent  of  the  loss  of  pressure  between  each  cylinder,  and  the  loss 
from  liquefaction  in  the  cylinders  during  expansion,  as  well 
as  any  abnormal  increase  of  pressure  at  any  point  due  to  re- 
evaporation  or  steam  jacketing,  we  require  to  draw  all  the 
diagrams  down  to  the  same  scale,  when  the  distribution  of 
steam  may  be  clearly  seen. 

The  saturation  expansion  curve  should  be  plotted  out  on  the 
same  sheet  of  diagrams,  so  as  to  show  clearly  the  variation  of  the 
actual  expansion  from  this  curve.  In  combining  compound 
engine  diagrams,  it  is  best  to  take  the  volume  of  steam  under- 
going expansion,  as  equal  to  that  of  one  pound  of  steam  at  the 
given  pressure,  so  that  all  diagrams  shall  be  drawn  on  the  same 
basis  and  may  be  compared  with  each  other.  If  we  do  this,  we 
can  readily  construct  the  saturation  expansion  curve  from  tables 
without  any  calculation  or  geometrical  construction.  A  diagram 
of  the  expansion  of  dry  saturated  steam  has  been  worked  out  by 
Prof.  Bankine,*  and  greatly  facilitates  the  construction  of  the 
saturation  curve.  In  this  diagram  the  vertical  ordinate  represents 
absolute  pressures  in  lbs.  per  square  inch,  while  the  horizontal 
abscissa  represents  the  volume  in  cubic  feet  of  one  pound  of 
steam.  By  its  aid — if  the  volume  of  steam  undergoing  expansion 
is  one  pound — we  can  read  off  the  pressure  corresponding  to  any 
particular  volume ;  and,  if  we  set  off  this  pressure  at  several 
different  points  throughout  the  stroke,  we  have  only  to  join  those 
points  in  order  to  complete  the  saturation  curve. 

To  illustrate  this  important  point,  we  append  the  diagrams  of 
the  compound  engines  of  H.M.S.  JBoadicea,  and  proceed  to  show 
how  to  reduce  them  to  the  same  scale  and  draw  the  saturation 
curve.  The  engines  have  one  high-pressure  and  two  low- 
pressure  cylinders,  and  the  ratio  of  the  joint  capacity  of  the  two 
low-pressure  cylinders  to  the  high-pressure  cylinder  is  3*11  :  1. 
The  steam  is  cut  off  at  *46  of  the  stroke  in  the  high-pressure 
cylinder,  and  the  volume  of  the  high-pressure  cylinder  is  116*26 
cubic  feet.  The  pressure  of  the  steam  is  80  lbs.  absolute,  and  the 
clearance  of  each  cylinder  T]T  of  the  volume  of  the  cylinder. 

*  See  The  Steam  Engine,  by  Prof.  Rankine,  or  his  Rule*  and  Tables,  latest 
editions.    Folded  page  at  end  of  these  books. 
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Combined  Indicator  Diagrams— H. M.S.  "Boadicea." 

Quantity  of  steam  used  )  ■=  volume  of  cylr.  to  pt  of  cut-off  + 
in  high-pressure  cylr.    J  clearance. 

vol.  of  cvlr. 
„  „  „  =  vol.  of  cylr.  x  -46  +  fl     ~~" 

-,tfftfl         AC       116-26 
„  =  116-26  x  -46  + 


99 
ft 


II 
N 
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64-04  cubic  feet 
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The  volume  of  one  pound  of  steam  at  80  lbs.  pressure  may  be 
found  from  Rankine's  diagram  already  referred  to,  or  the  table 
at  page  118,  to  be  54  cubic  feet. 

.  •.  Weight  of  steam  used  in  high- )    _  64*04  _  ii .qk  iv- 
pressure  cylinder  in  each  stroke  J    ""  *  5.4     ~ 

•  \  Volume  of  high-pressure  cylr. )        116-26       Q  Q1      ,.    A 
perlb.ofsteam(withoutclearance)/    *  TFgB  =  ° 

Clearance  of  high-pressure  cylr.  )  9*81       A     , .  -.  , 

per  lb.  of  stelm  used  [  =      "IT  =  ^c^^^rl7* 

^7e^T^^:^^  - •*  *  »■»  -  3°-5cubic£t 

Clearance  of  low-pressure  cylr.  )  30*5         A  m„      , .    ^ 

per  lb.  of  steam  used         J    "    TT  =  2'77  CublC  * 

We  are  now  in  a  position  to  construct  the  diagram.  Lay  off  to 
scale  the  line,  O  VL,  equal  to  the  volume  of  the  low-pressure 
cylinder  per  lb.  of  steam  +  its  clearance  =  30*5  +  2*77  =  33-27 
cubic  feet,  and  draw  the  vertical  line,  O  P,  to  represent  to  scale 
the  initial  pressure  of  80  lbs.  per  square  inch.  Measure  off 
O  0H  =  "9  cubic  feet,  and  draw  a  vertical  line  through  0H ;  this 
represents  the  clearance  of  the  high-pressure  cylinder.  Now, 
make  0H  VH  =  the  volume  of  the  high-pressure  cylinder  per  lb. 
of  steam,  and  divide  this  space  into  10  parts,  to  correspond 
exactly  with  the  divisions  on  the  actual  indicator  diagram.  Lay 
off  on  these  divisions  the  mean  pressures  shown  by  the  indicator 
diagrams,  and  complete  the  diagram  of  the  high-pressure  cylinder. 
The  diagram  of  the  low-pressure  cylinder  is  reduced  in  the  same 
way.  O  0L,  represents  the  clearance,  and  0L  Vj,,  the  volume  of 
the  cylinder  per  lb.  of  steam,  and  in  measuring  pressures  the 
mean  of  the  4  low-pressure  cylinder  indicator  diagrams  is  taken. 

The  construction  of  the  saturation  curve  from  Rankine's 
diagram  or  from  the  table  on  page  118,  is  extremely  simple, 
since  wo  are  dealing  with  one  pound  of  steam,  and  the  pressure 
corresponding  to  any  particular  volume  may  be  set  down  at  once. 

Having  now  completed  our  diagram,  we  have  a  clear  insight 
into  the  actual  working  of  the  steam  in  the  cylinders  of  the 
engine.  Evidently  a  large  amount  of  wire-drawing  takes  place 
in  the  high-pressure  cylinder,  as  is  shown  by  the  great  fall  of 
pressure  before  the  point  of  cut-off  The  rise  of  pressure  above  the 
saturation  curve  which  takes  place  during  expansion,  may  partly 
be  accounted  for  by  the  action  of  the  steam  jacket  in  re-evaporating 
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moisture  in  the  cylinder,  or  by  the  steam  which  condensed  on 
admission  re-evaporating  due  to  getting  heat  from  the  cylinder 
liner  and  the  piston,  &c.*  The  loss  of  pressure  between  the 
two  cylinders  is  from  5  to  8  lbs.,  and  is  rather  more  than  we 
usually  find  in  well-designed  engines.  Wire-drawing  also  takes 
place  in  the  low-pressure  cylinder,  although  not  to  such  a  great 
extent  as  in  the  high-pressure  cylinder. 

Fairbaiin's  Saturation  Curve. — When  sufficient  data  cannot  be 
obtained  to  reduce  the  volume  of  the  saturation  curve  to  that  of 
one  pound  of  steam,  the  diagrams  may  be  drawn  to  the  same 
scale,  and  the  saturation  curve  drawn  from  the  point  of  cut-off,  0, 
by  a  simple  geometrical  construction.  This  is  founded  on  the 
formula  of  Fairbairn  and  Tate  for  the  expansion  of  saturated 
steam  fliven  in  the  last  lecture,  viz.  :—(*;-  *4 1)  (p  +  -35)  =  constant. 


The  diagram  shows  how  this  may  be  done.  Lay  off  O  A 
on  the  line  of  volumes  equal  to  *41  cubic  foot,  and  from  A 
measure  A  X  off  below  0  V  =  "35  of  a  pound  pressure,  and 
draw  new  axes  of  pressure,  and  volume  X  P1  and  X  Vlf  and  on 
these  axes  describe  an  hyperbola.     The  hyperbola  considered 

*  Steam  when  passed  through  contracted  and  tortuous  passages,  so  as  to 
be  reduced  in  pressure  or  "  wire-drawn,"  becomes  more  or  less  superheated 
by  the  friction  of  its  molecules,  heat  being  the  direct  result  of  the  work 
spent  on  friction.  This  may  also  account  for  some  of  the  rise.  See  77te 
electrician,  January  7th,  1887,  Review  of  this  book. 
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relatively  to  the  old  axes  will  be  the  curve  of  saturated  steam, 
and,  although,  it  does  not  coincide  exactly  with  Bankine's  curve, 
it  is  sufficiently  near  for  all  practical  purposes.  To  find  points 
on  the  hyperbolic  curve  the  following  construction  is  the 
simplest : — Take  any  point,  B,  between  0  and  D,  and  join  it 
with  X.  Where  B  X  cuts  the  vertical  line,  0  E  (through  the 
point  of  cut-off,  0),  draw  a  horizontal  line,  F  G,  cutting  the 
perpendicular  let  fall  from  B  to  G,  then  G  is  a  point  on  the 
curve.     By  finding  a  number  of  points  in  this  way  the  whole 

saturation  curve  may  be  constructed,  as  in  the  Fig.,  p.  130. 

it  w 

Bankine's    curves   (see  pp.    106,   107),  pv™,  or   p  v  •  = a 
constant,  c,  may  be  easily  plotted  by  first  multiplying  the  initial 


MOi 


$9      AQ9fQ9m 


l%gruntu—  TindMjr  int.  Fth/.l  iff. 


See  Index  at  end  for  folding  page  containing  combined  indicator 
diagrams  of  the  triple-expansion  engines  of  S.S.  "  Arabian," 
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pressure  by  its  volume  to  point  of  cut-off  taken  as  =  1,  which 
gives  us  the  constant,  c,  and  then  finding  by  aid  of  a  table  of 
common  logarithms,  the  pressure  corresponding  to  any  other 
volume,  v,  throughout  the  stroke,  thus: — 

?                °                         i              /log.  t-xlO\     . 
pv*  -  c,  or  -»  =  p*  .-.  log.  o  -  (— 2— § )  ^log-  P' 

From  which  we  get  the  value  of  p,  at  any  part  of  the  stroke, 
and  mark  it  off  on  the  vertical  ordinate  at  the  volume,  v,  for 

10 

which  it  was  calculated.  In  this  way,  the  curve  p  v  * '  =  a 
constant,  in  the  Fig.  on  the  last  page  was  calculated  and  plotted. 
We  pointed  out  in  a  former  Lecture,  that  the  principal 
advantage  of  compound  over  simple  expansive  engines,  is  that 
the  cylinders  are  not  subjected  to  such  great  variation  of 
temperature,  and,  therefore,  the  loss  from  liquefaction  in  the 
cylinders  is  less.  With  steam  pressure  of  from  60  to  100  lbs.  in 
compound  engines,  the  expansion  is  carried  out  in  two  cylinders 
only,  but  when  that  pressure  is  exceeded,  the  difference  of  the 
initial  and  final  temperatures  of  the  steam  in  each  cylinder 
becomes  so  great,  that  three  or  more  cylinders  are  required  to 
expand  the  steam  efficiently.  The  diagrams  from  the  engines  of 
the  S.S.  "Aberdeen,"  designed  by  Mr.  A.  0.  Kirk,  of  Messrs. 
Kobert  Napier  <fc  Sons  (which  were  among  the  first  triple  expan- 
sive engines  constructed),  are  shown  on  the  previous  page  drawn 
to  the  same  scale.  These  diagrams  show  that  there  is  very  little 
loss  of  pressure  between  the  cylinders,  and  fit  in  very  well  with 

10 

the  expansion  curve  PV1'  Very  little  re-evaporation  takes 
place  since  the  range  of  temperature  in  each  cylinder  is  small* 

*  The  S.S.  "  Aberdeen1'  is  an  iron  ship,  built  in  1881  for  Messrs.  George 
Thompson  &  Coy.'s  London-Australian  trade,  by  Messrs.  Kobert  Napier 
&  Sons,  Glasgow,  to  the  highest  class  at  Lloyds— 350  ft.  by  44  ft.  by  33 
ft.  The  engines  were  supplied  with  steam  at  125  lbs.  pressure  from  two 
ordinary  double-ended  boilers,  with  no  superheater,  constructed  entirely  of 
steel,  with  six  of  Fox's  corrugated  furnaces  in  each,  the  total  heating 
surface  being  7, 128  square  ft.  The  cylinders  were  three  in  number,  being 
30  in.,  45  in.,  and  70  in.  diameter  respectively,  by  4  ft.  6  in.  Btroke.  The 
high-pressure  cylinder  was  not  steam  jacketed,  the  second  was  steam 
jacketed,  with  steam  of  50  lbs.  pressure ;  and  the  low-pressure  one  with 
steam  of  15  lbs.  above  the  atmosphere.  On  the  official  trial  2,000  tons  of 
dead  weight  were  put  on  board,  and  a  test  made  for  the  consumption  of  coal 
on  a  six  hours'  run  at  1,800  I.H.P.  The  result  was  a  consumption  of  1*28 
lbs.  of  Penrikyber  Welsh  coal  per  indicated  horse-power. 

See  The  Proceedings  of  Vie  Institution  of  Naval  Architects,  1882,  for  Mr. 
Kirk's  paper  "On  the  Triple  Expansion  Engines  of  the  S.S.  'Aberdeen,*'9 
and  for  a  paper  *'  On  the  Economy  of  Compound  Engines,"  by  W.  Parker 
Chief  Engineer  of  Lloyd's  Register,  with  discussions  thereon. 
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Lecture  XV.— Questions. 

1.  Sketch  in  section  and  plan  and  describe  Richard's  indicator,  showing 
how  it  is  applied  in  obtaining  the  mean  pressure  in  a  steam  cylinder. 

2.  The  sum  of  the  areas  of  diagrams  from  the  two  ends  of  a  cylinder  is 
3*5  square  inches,  and  the  indicator  pencil  moves  1  inch  for  30  lbs. 
variation  in  pressure.  Length  of  diagram  =  4}  inches,  diameter  of  piston 
=  18  inches,  stroke  =  2  feet.  Find  the  I.  H.  P.  when  the  engine  is  making 
56  revolutions  per  minute.     (S.  and  A.  Exam.,  1890.)  Ans.  21  '34. 

3.  Draw  the  normal  indicator  diagram  of  a  condensing  engine,  and  trace 
the  changes  in  outline  produced  by  the  principal  causes  which  may,  in 
practice,  detract  from  the  efficiency  of  the  engine. 

4.  Draw  indicator  diagrams  as  commonly  given  in  a  double-acting  engine, 

(1)  of  the  condensing  type,  (2)  when  non-condensing. 

5.  Draw  the  ordinary  indicator  diagrams  as  obtained  (1)  from  the  topf 

(2)  from  the  bottom  of  the  cylinder  of  a  single-acting  condensing  engine, 
and  account  for  the  difference  in  form  of  the  respective  diagrams. 

6.  Show  effects  of  wire-drawing  and  of  clearance  shown  on  an  indicator 
diagram.  What  is  the  object  of  a  steam-jacket  ?  In  what  way  does  the 
absence  of  the  jacket  affect  the  indicator  diagram? 

7.  Show  by  sketches  and  also  explain  the  effect  on  an  indicator  diagram 
of — (1)  a  leaky  piston  ;  (2)  contracted  steam  passages ;  (3)  a  leaky  con- 
denser ;  (4)  deficiency  of  lap  in  the  slide  valve ;  (5)  deficiency  of  lead* 
{Adv.  S.  and  A.  Exam.,  1889.) 

8.  Explain  the  operation  of  combining  the  indicator  diagrams  of  work 
done  in  a  compound  cylinder  engine,  tne  object  being  to  produce  the 
diagram  which  would  have  been  obtained  if  the  steam  had  performed  the 
same  work  by  going  through  the  same  changes  of  pressure  and  volume  in 
one  cylinder. 

9.  A  non-condensing  engine  is  using  steam  at  42  lbs.  per  square  inch 
above  the  atmosphere — the  length  of  the  stroke  is  3  feet,  and  steam  is  cut 
off  at  £  stroke— draw  an  approximate  diagram  (scale  ,**)  marking  points  of 
release  and  compression,  and  showing  the  direction  of  motion  of  the  piston 
by  arrows.     Find,  by  calculation,  the  mean  pressure.     An§.  24*9  lbs. 

10.  Describe  Richard's  indicator,  and  point  out  precisely  the  mechanism 
by  which  the  pencil  is  actuated,  giving  the  reason  for  the  special  con- 
struction. The  barrel  of  such  an  indicator  is  2  inches  in  diameter,  and  it 
vibrates  through  j  of  a  revolution.  The  area  of  the  diagram  is  3}  square 
inches,  and  the  motion  of  the  pencil  is  3  times  that  of  the  indicator 
piston.  Taking  the  mean  pressure  of  steam  to  be  174  lbs-  P?r  square  inch, 
find  what  force  corresponds  to  a  motion  of  1  inch  of  the  spring.  {Adv.  & 
and  A.  Exam.,  1892.)    Ans.  67 '5  lbs.  nearly. 

11.  In  a  single  acting  engine  it  is  necessary  to  take  one  indicator 
diagram  from  above  and  another  from  below  the  piston.  Sketch  each 
diagram  in  juxtaposition  so  as  to  form  a  single  compound  diagram,  and 
explain  generally  the  reasons  for  the  different  outlines  of  the  diagrams. 
To  what  cause  do  you  attribute  the  space  between  the  diagrams  ?  {S.  and 
A.  Exam.,  1890.) 

12.  Explain  fully  how  the  net  work  done  in  one  stroke  by  steam  or  any 
gas  expanding  behind  a  cylinder  piston  is  represented  to  scale  by  the  area 
of  the  indicator  diagram  figure,     see  Lectures  XI.  and  XVI. 

13.  Draw  a  theoretical  indicator  diagram  for  a  condensing  engine  working 
ex]>ansively,  and  mark  the  scale  on  your  diagram  for  an  engine  of  30  inches 
stroke  supplied  with  steam  at  30  lbs.  absolute  pressure,  cut  off  at  two-thirds 
of  the  stroke,  and  working  with  a  vacuum  of  12  lbs.  Point  out  the  assump- 
tions which  are  made  in  drawing  the  theoretical  diagram,  and  mark  in 
dotted  lines  the  actual  diagram  which  vou  would  expect  to  obtain  if  the 
engine  were  in  good  working  order.    {Adv.  S.  and  A.  Exam.,  1887.) 
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Contents.  —Nominal  and  Indicated  Horse-Power— Rule  for  finding  the 
Indicated  Horse-Power  of  an  Engine— Formula  for  finding  the  Mean 
Pressure — Brake  Horse-Power,  and  how  to  find  it  by  Absorption  and 
Transmission  Dynamometers  with  examples. 

Horse-Power. — The  unit  of  power  which  is  universally  adopted 
by  mechanical  engineers  in  this  country  is  that  which  was 
proposed  and  used  by  Watt — viz.,  the  horse-power. 

The  steam  engines  introduced  by  Watt,  were  employed  to  a 
large  extent  in  doing  work  which  had  formerly  been  done  by 
horses,  and  hence  it  became  necessary  for  him  to  be  able  to  state 
the  number  of  horses  to  which  his  engine  would  be  equivalent  in 
power.  Watt  estimated  the  power  of  the  strongest  London 
horses  as  about  equal  to  that  required  to  raise  33,000  lbs.  one 
foot  high  in  one  mimtie,  and  he  adopted  this  as  his  standard  of 
power.  This  estimate,  however,  is  too  large,  the  average  power 
of  a  horse  being  only  about  22,000  foot-pounds*  per  minute,  but 
Watt  seems  to  have  been  desirous  that  his  engines  should  exceed, 
rather  than  fall  short  of,  their  nominal  power. 

What  is,  therefore,  technically  spoken  of  among  engineers  as 
a  lwrse-power,  is  the  rate  of  doing  work  corresponding  to  33,000 
foot-pounds  per  minute,  and  the  power  of  steam  engines  is 
always  calculated  on  this  basis. 

Watt  found  that  in  his  engines,  he  usually  obtained  a  mean 
pressure  of  about  7  lbs.  per  square  inch  in  the  cylinder,  and  he 
estimated  the  power  of  his  engines  by  assuming  that  value  for 
the  mean  pressure.  The  horse-power  thus  estimated,  he  termed 
the  nominal  horse-power,  and  in  practice  that  power  was  actually 
obtained.  When,  however,  increased  steam  pressures  came 
into  general  use,  the  mean  pressure  of  steam  in  the  cylinders 
could  no  longer  be  correctly  taken  as  7  lbs.,  and  the  nominal 
horse-power  differed  largely  from  the  actual  horse-power.  In 
commerce  the  term  nominal  horse-power  had  been  so  much  used, 
that  commercial  men  understood  the  size,  and,  therefore  the 
value,  of  an  engine  much  better  when  its  nominal  horse-power 
was  spoken  of  than  its  actual  power,  and,  therefore,  the  term 

*  The  foot-pound  is  the  unit  of  work,  and  is  the  work  done  by  a  force  of 
one  pound  acting  through  the  space  of  one  foot. 
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was  retained  for  a  long  time,  and  even  yet  is  still  used  for  some 
classes  of  engines,  such  as  those  nsed  for  agricultural  purposes. 
However,  as  unfair  competition  often  takes  place  between 
different  manufacturers,  owing  to  the  use  of  this  term,  it  is  fast 
falling  into  disuse  and  should  be  altogether  abandoned. 

The  actual  power  exerted  in  the  cylinder  of  an  engine,  cannot 
be  obtained  until  we  know  the  actual  mean  pressure  of  steam 
in  the  cylinder.  In  order  to  ascertain  this,  we  must  take  a 
diagram  from  the  cylinder  by  means  of  the  indicator  which  was 
described  in  the  last  Lecture.  The  horse-power  obtained  by 
this  means  is  termed  the  indicated  horse-power,  and  when  the 
horse-power  of  engines  is  spoken  of,  it  is  the  indicated  horse- 
power (I.H.P.)  which  is  understood  unless  otherwise  stated. 

The  diagram  at  p.  127  is  taken  from  a  horizontal  non-condens- 
ing engine,  and  from  it  we  wish  to  find  the  mean  pressure  of  steam 
in  the  cylinder.  To  do  this,  divide  the  diagram  into  ten  equal 
parts,  by  aid  of  the  parallel  ruler  accompanying  the  indicator, 
then  read  off  the  pressures  at  the  centre  of  each  space  or  division, 
as  described  at  p.  84,  and  shown  by  the  vertical  lines  in  Fig. 
p.  127,  by  means  of  the  scale  corresponding  to  the  indicator 
spring.  The  sum  of  these  pressures  divided  by  10  gives  the  mean 
pressure  during  one  stroke.  This  is  shown  worked  out  on  the 
diagram,  the  mean  pressure  in  this  case  being  43*5  lbs.  per 
square  inch.  Now  the  work  in  foot-pounds  done  by  an  engine 
in  one  minute  is  =  total  mean  pressure  on  the  piston  in  lbs. 
x  distance  in  feet  travelled  by  piston  in  one  minute.  But  one 
horse-power  is  equal  to  33,000  foot-pounds  per  minute. 

Therefore,  the  horse-power  exerted  by  an  engine  is  =  total 
mean  pressure  on  the  piston  in  lbs.  x  distance  in  feet  travelled  by 
the  piston  in  one  minute  -f-  33,000. 
Let  p  denote  the  mean  pressure  of  steam  in  lbs.  per  square  inch. 

„   A      „      the  area  of  the  cylinder  in  square  inches.* 

„    L      „      the  length  of  the  stroke  in  feet. 

„   N     „     the  number  of  strokes  per  minute  =  revolutions  x  2. 

„   HP,,     the  horse-power. 

Then,  total  mean  pressure  on  the  piston  in  lbs.  =  Ap, 
also,  distance  in  feet  travelled  by  piston  in  one  minute  =  L  N. 

.-.the  horse-power  of  the  engine  =    ooqqq  * 

This  formula  is  easily  remembered,  since  it  may  be  written  so  as 
to  form  the  word  "  plan,"  thus :— Horse-power  =  plan  -j-  33,000. 

*  In  all  cases,  the  area  of  the  piston-rod  has  to  be  taken  into  account. 
For  example,  where  the  piston-rod  comes  out  at  the  crank  end  of  the 
cylinder  only,  then,  A,  should  be  total  area  of  cylinder  leas  hrif  the  area  of 
the  piston-rod. 
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Applying  our  formula  to  find  the  horse-power  of  the  engine  from 
the  diagram  and  data  given  in  it,  we  get 

A/>LN    _    153-9  x  435  x  2  x  80 
M±^  ~  "337005  3p00  -  ^'45' 

The  diagram  only  gives  the  mean  pressure  on  one  side  of  the 
piston;  but  in  practice  it  is  usual  to  take  the  mean  of  two 
diagrams — one  taken  from  each  end  of  the  cylinder.  If  there  be 
two  or  more  cylinders,  the  power  developed  in  each  has  to 
be  added  together,  in  order  to  obtain  the  total  horse-power. 

If  the  student  refers  to  questions  16,  17,  18,  and  19  at  the 
end  of  this  Lecture,  he  will  observe  that  he  is  given  in  each  case 
the  pressure  of  the  steam  on  admission  to  the  cylinder,  the 
position  of  cut-off,  and  the  hyperbolic  or  napierian  logarithm  of  the 
ratio  of  expansion,  as  well  as  the  diameter  or  the  area  of  the 
cylinder,  and  the  length  of  the  stroke ;  from  which,  he  is  expected 
to  calculate  the  net  or  effective  work  done  in  one  stroke,  or  else 
the  indicated  horse-power  when  the  number  of  revolutions  per 
minute  is  stated.  Now,  as  this  is  a  very  common  form  of 
question  set  in  examination  papers,  and  as  the  solution  thereof 
will  aid  us  in  still  further  explaining  (what  has  already  been 
referred  to  at  the  end  of  Lecture  XL),  that  the  area  of  the 
calculated  or  of  the  actual  indicator  diagram  is  a  measure  of  the 
work  done  in  one  stroke,  we  shall  first  of  all  show  how  the 
hyperbolic  logarithm  is  to  be  applied,  in  order  to  ascertain  the 
mean  total  pressure  throughout  the  stroke,  on  tfte  assumption  t/iat 
the  steam  expands  according  to  Boyle's  Law,  neglecting  clearance; 
and  secondly,  we  shall  take  into  account  the  effect  of  clearance. 

Theorttical  Indicator  Diagram. 
P  -  Total  Initial  Pressure. 
Pbm   «       Back  « 

im-rilt  Mea*       "     ' 

WhoU  Work  -Area*  CO  E B* 
„         n     -Mean  ArtaHL* 
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Referring  to  the  last  theoretical  indicator  diagram,  AG  DEB, 
the  area  of  the  rectangle,  A  D,  is  the  product  of  the  pressure 
line,  A  0,  and  the  volume  line,  0  D,  or,  A  1,  to  the  point  of  cut- 
off, and  therefore  this  area,  A  D,  expresses  the  whole  work  done 
upon  the  piston  by  the  steam  in  entering  and  in  occupying  that 
part  of  the  cylinder  before  cut-off  takes  place ;  further,  since  the 
steam  is  supposed  to  expand  in  accordance  with  Boyle's  Law 
(p  v  -  a  constant),  the  curved  line,  D  E,  is  a  hyperbolic  or 
isothermal  curve,  and  the  hyperbolic  area,  1DEB,  expresses  the 
whole  work  done  by  the  steam  during  expansion — i.e.,  after  cut- 
off takes  place.  This  latter  area,  1DEB,  and  consequently  the 
whole  work  done  during  expansion,  may  be  calculated  by  taking 
advantage  of  the  known  relations  of  hyperbolic  curve  areas  to 
their  base  lines.* 

For,  if  the,  base  lines 

Al,         A  2,                A  4,  A  8,             <fec., 

increase  in  the  following  geometrical  progression, 

as              1,     to     2,        to          4,  to          8,     to      &c., 
then  the  successive  areas, 

—           lDlf                \T>9  lDg,            Ac., 
increase  in  the  following  arithmetical  progression, 

as            —     to      1,        to          2,  to          3,     to      <fca 

For  example:  — 

Let  the  area  or  volume,  A  D,  up  to  the  point  of  cut-off,  be 
expressed  by,  1,  and  the  areas  or  volumes  due  to  the  expansion 
of  the  steam  by  the  following  numbers  in  geometrical  pro- 
gression : — 

1,      to     2,         to  4,  to  8,      to      <kc. 

*  On  the  principle  of  logarithms,  which  represent  in  arithmetical  pro- 
gression natural  numbeis  in  geometrical  progression,  tables  of  hyperbolic 
logarithms  are  compiled  to  facilitate  the  calculation  of  the  areas  of  work 
done  due  to  various  degrees  of  expansion.  The  hyperbolic  logarithms  are 
specially  indicated  or  distinguished  from  common  logarithms  in  formulae  by 
the  small  Greek  letter  e,  thus  log.i,  and  a  few  of  these  hyperbolic  logarithms 
have  been  selected  and  printed  at  p.  145,  in  order  to  enable  students  to 
work  any  of  the  ordinary  questions.  Hyperbolic  numbers  consist  of  the 
multiples  of  common  logarithms  by  2*302585,  which,  thus  modified,  become 
direct  expressions  of  the  actual  ratio  of  the  whole  work  done  during  expan- 
sion (due  to  different  degrees  of  expansion)  to  the  whole  work  done  by  the 
steam  before  expansion  takes  place. 
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The  hyperbolic  logarithms  of  these  numbers  are  (see  table,  p.  145) 

•000,         -693,  1-386,  2-079,  Ac., 

being  as   0,      to      1,         to  2,  to  3,      to      Ac., 

or  in  arithmetical  progression;  therefore,  the  whole  work  done 
by  a  quantity  of  steam  expanded  successively  from  the  initial 
volume,  1, 

being  as    1,     to     2,        to          4,  to  8,     to      &&, 

will  be  in  the  proportions  of 

1,  to  1  +  -693  to  1  +  1-386  to  1  +  2079  to  Ac., 

or  as         1,  to      1-693     to  2-386  to  3079       to  <fcc. 

Or  generally  if,  r,  be  the  ratio  of  expansion  the  whole  work 
done  will  be  as  (1  +  log.,r),  showing  that  for  an  expansion  of 
eight  times,  the  initial  work  done  by  the  steam  before  cut-off 
takes  place,  is  tripled  for  that  number  of  expansions  by  the  end 
of  the  stroke.  It  is  necessary,  however,  to  deduct  the  work 
spent  against  the  back  pressure  (due  to  an  imperfect  vacuum 
reckoned  from  the  absolute  zero  or  perfect  vacuum  line),  before 
we  obtain  the  net  or  effective  work  done  by  the  steam  in 
one  stroke. 

Another  method  of  reasoning  out  the  foregoing  principle 
is  as  follows  (see  last  figure) : — 

Let  F  =  the  initial  pressure  of  steam  in  lbs.  on  the  square 
inch  at  the  cylinder,  reckoned  from  absolute  zero 
or  perfect  vacuum  line,  or  =  AC. 
pm  =  the  mean  pressure  in  lbs.  on  the  square  inch  through- 
out the  stroke,  also  reckoned  from  absolute  zero, 
A  ■■  area  of  cylinder  in  square  inches. 
L  «  whole  stroke,  A  B,  in  feet 
I  =  distance  in  feet  to  point  of  cut-off,  or  0  D. 

-r  =  f  =  ratio  of  expansion,  neglecting  clearance. 

x  =  any  distance  from  commencement  of  stroke  between 
the  limits,  x  =  I  and  x  =  L. 

Then  the  whole  work  done  through  distance,  lf=  ATI,  foot-lba 

ATI 
Pressure  of  steam  at  any  point,  x,  =  . 

Digitized  by  VjOOQIC 


INDICATED  HORSE  POWER.  141 

ATI 

•*.  The  work  done  through  any  very  small  space  dx  — dx. 

The  whole  work  done  during  expansion — t.e.,  from  point  of 
cut-off  to  the  end  of  the  stroke,  or  from  where  x  =  I  to  where 
x  =  L  is. 

By  integral  calculus, 

=  APZ  f^?  =  AP/log.^  =  A  P  Hog.,  r,  foot-lbs. 

.\  The  whole  work  done  during  one  stroke, 

=  APJ  +  APnog.,r  =  APJ(1  4.  log.,r). 

And  the  total  horse-power,  if  N  =  number  of  strokes  per 
minute, 

AP/N(1  +  log.,*-) 
33-000 

The  total  forward  mean  pressure,  pm9  indicated  by  the  vertical 
height,  pmJ  is  therefore  found  by  dividing  the  above  whole  work 
done  during  one  stroke  by  the  area,  A,  and  by  the  length  of 
the  stroke,  L, 

ATI  Tl  T 

°r  Pm  =  XL  (1  +  log"^  =   L"(1  +  log,,r)  =  7<1  +  log'*r>" 

And  if  pb  =  the  mean  back  pressure  indicated  by  the  vertical 
height,  pi,  in  the  last  figure,  or  by  the  shaded  portion  above  the 
line,  A  B ;  and  p,  =  the  net  or  effective  mean  pressure  through- 
out the  stroke,  then — 

p 

P ^Pm-Pb  =  —  (1  +  log. ,r)  -p6  lbs.  on  the  square  inch. 

And  the  Net  or  Effective  Horse-power 


{~(l+log..r)-p6} 
ALtf-LI ™^ 1 


33000 

These  formulae  take  no  account  of  the  wiredrawing  of  the 
steam  between  the  boiler  and  the  engine,  or  in  the  steam  porta, 
neither  have  the  effects  of  clearance,  compression,  &c,  been  taken 
into  account.     They  must  not  therefore  be  used  in  determining 
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the  size  of  any  particular  engine,  because  large  allowances  have 
sometimes  to  be  made  for  these  effects  in  actual  practice;  but  as 
they  are  sufficient  to  solve  most  of  the  ordinary  questions  set  in 
examination  papers,  we  shall  apply  them  to  three  examples  in 
order  to  impress  them  on  the  student's  memory,  and  thus  lead 
up  to  the  final  formula. 

1st  Take  the  case  of  p.  81,  Watt's  diagram  of  work.  Here 
P  =  1  atmosphere,  or  say  15  lbs.  absolute,  for  Watt  at  the  time 
of  his  devising  his  diagram  of  work  only  used  steam  of  atmo- 
spheric pressure,  and  thus  all  work  was  done  in  his  engines  at 
that  time,  solely  by  means  of  the  vacuum.  The  ratio  of  expan- 
sion, r  =  5,  since  steam  was  cut  off  at  \  of  the  stroke,  and  he 
took  no  account  of  back  pressure,  thus  supposing  the  vacuum  to 
be  perfect — 

The  mean  pressure, 

pm  =  ?  (1  +  log.  ,r)  =  ~  (1  +  1-609).     See  p.  145  for  logs. 

=  3  x  2-609  =  7-827  lbs.,  or  -52  of  an  atmosphere, 

which  corresponds  with  that  found  by  Simpson's  or  ordinary 
rule  (see  p.  83). 

2nd.  Take  the  case  at  p.  83,  where  the  pressure  of  steam  may 
also  be  supposed  to  be  that  above  a  perfect  vacuum  and  no  back 
pressure  was  mentioned. 

P  =  100  lbs.  absolute,  r  =  4,  as  steam  was  cut  off  at  i  stroke ; 
•  * .  mean  pressure, 

*.  =  *  (l'+  log.  .r)  =  -  °-°  (1  + 1-386) 

=  25 +  2-386  =  59-65  lbs., 

As  against  59-7  lbs.  found  at  p.  83,  and  59-9  at  p.  84. 

3rd.  Let  us  see  what  we  might  have  expected  the  mean  for- 
ward pressure  to  be  in  the  case  of  the  non-condensing  Armstrong 
engine,  whose  indicator  diagram  is  shown  at  p.  127,  and  cal- 
culated horse-power  at  pp.  137,  138,  supposing  the  boiler  pressure 
to  be  known,  as  well  as  the  back  pressure,  and  neglecting  clear- 
ance. The  pressure  at  the  boiler  is  marked  70  lbs. — £.«.,  above 
the  atmosphere,  or  adding  the  pressure  of  the  atmosphere  1 5  lbs. 
we  have  P  =  70  +  15  =  85  lbs.  The  cut-off  is  at  nearly  £  stroke, 
or  r=  3,  and  the  back  pressure  is  just  15  lbs.,  as  the  exhaust 
line  coincides  exactly  with  the  atmospheric  line.  It  is  not  usual, 
however,  for  the  exhaust  to  be  so  free  as  this  in  such  engines. 
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The  mean  net  or  effective  pressure  is — 

/>  =  - (1 +log.,r)-p,  =  5?  (1  + 10986)- 15 

T  o 

»  28-3 x  20986 - 15  =  5945 -  15  =  44-45  lbs. 

As  against  43*5  lbs.  marked  on  the  indicator  diagram  at  p.  127. 

We  must  now  take  the  effect  of  clearance  into  account,  in 
order  to  get  a  more  perfect  estimate  of  the  probable  mean 
pressure  in  any  case  we  may  have  to  deal  with  in  practice. 

If  the  student  refers  back  to  p.  110,  he  will  see  that  the  ratio 
of  expansion,  r,  as  treated  above,  becomes  rx  when  we  take 
clearance  into  account,  and  that 

r(l  +  c) 
Tl~    1  +cr 

Where,  c,  the  clearance,  is  considered  as  the  fraction  of  the  whole 
volume  of  the  cylinder  to  the  point  of  cut-off.  It  will,  however, 
be  more  convenient  here  to  consider,  c,  as  an  addition  to  the 
length  of  the  cylinder,  the  area  of  this  supposed  clearance- 
length,  c,  being  equal  to  that  of  the  cylinder,  =  A,  so  that 
c  x  A  =  volume  of  clearance,*  and  therefore  the  true  ratio  of 
expansion  becomes 

L  +  e    length  of  stroke  +  clearance. 
I  +  c     length  to  cut-off  +  clearance. 

The  clearance  is  shown  in  the  last  figure  by  the  distance,  c. 

*  It  is  not  possible  to  estimate  exactly  the  volume  of  the  clearance  in  a 
completed  or  working  engine,  unless  the  valve  casing  cover  be  taken  oft; 
the  niston  brought  first  to  one  end  of  the  cylinder,  and  the  volume  of  water 
required  to  just  till  the  clearance  spaces  at  the  end  between  the  piston  and 
right  up  to  the  valve  face  be  measured,  and  then  the  same  operation  per- 
formed for  the  other  end  of  cylinder.  Of  course,  it  may  be  calculated 
approximately  from  the  drawings  of  the  engine,  or  allowed  for  in  calculations 
previous  to  making  the  drawings.  This  volume  of  the  combined  clearance 
spaces,  at  one  end  or  the  other,  is  then  considered  as  a  fraction  or  per- 
centage of  the  whole  volume  of  the  piston's  stroke,  or  it  may  be  regarded 
as  equivalent  to  a  fraction,  c,  of  the  stroke,  L.  For  if,  A,  be  the  sectional 
area  of  the  cylinder  in  square  feet,  then  A  x  L  =  volume  of  the  cylinder's 
stroke  in  cubic  feet,  and  A  x  c  =  volume  of  clearance  spaces  also  in 
cubic  feet. 

Hence  A  (L  +  c)  =  whole  volume  of  cylinder,  including  clearance, 

and      A  (I  +  c)  =  whole  volume  to  point  of  cut-off,  including  clearance 

Therefore,  the  actual  ratio  of  expansion, 

A  (L  +  c)      L  +  e  .,  .  ,    , 

»  -j~n r  =  i the  expression  used  above. 

A  (I  +  c)        I  +  c  r 
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Now,  reasoning  as  before — 

The  whole  work  done  to  the  point  of  cut-off  =  A  Pi, 

The  whole  work  done  during  expansion 


-^{i'*<^-TT7)\ 


The  sum  of  these  two  quantities  equals  the  whole  work  done 
during  one  whole  stroke,  and  is 

=  AP  -J  J  +  (Z  +  c)(  log., -j j  >  neglecting  back  pressure. 

The  mean  forward  pressure  during  the  stroke  is  found,  by  divid- 
ing this  expression  by  the  area  of  cylinder,  A,  and  by  the  length 
of  the  stroke,  L,  and  subtracting  the  mean  back  pressure,  p¥ 
Or 

Applying  this  formula  to  the  last  example  (see  also  pp.  127 
and  138),  where  P  =  85  lbs.,  being  70  lbs.  boiler  pressure  plus 
15  lbs.  atmospheric  pressure,  L  =  2  ft.,  I  =  £  ft.  (as  steam  was 
cut  off  at  £  stroke),  and  assuming,  c,  to  be  equivalent  to  ^  of  the 
stroke,  or  '2  ft.,  which  is  a  common  allowance,  while  the  back 
pressure,  pb  =  15  lbs.  (for  as  we  noticed  before  the  exhaust  line 
and  the  atmospheric  line  agree),  we  have  by  substituting  these 
known  values  in  the  last  equation — 

,-f{r+<r^(%.fff)}-» 

-42-5  {-6  +  -86  (log.,  2-54)}  -  15 
Note.— The  nearest  log.  to  2*54  in  the  following  table  is  that  of  2i5. 
-42-5  (-6  +  -86  x  -91629)  -  15  -  42-5  x  1-46  -  15 
=  6205  -  15  =  47-05  lbs.,  as  against  44*45  lbs. 

by  our  former  formula  when  not  taking  clearance  into  account, 
and  as  against  43*5  lbs.  on  the  indicator  card.  But,  as  we  men- 
tioned before,  wire  drawing,  &c,  reduces  the  pressure  between 
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the  boiler  and  the  cylinder,  and  on  looking  at  the  indicator  card 
at  p.  127  we  observe  that  the  initial  pressure  on  it  is  marked  65 
lbs.,  or  a  fall  of  5  lbs.,  or  13*4  per  cent.,  between  the  boiler  and 
the  piston.  If  we  take  65  as  the  initial  pressure,  then  the  total 
pressure,  P,  becomes  65+15  or  80  lbs.,  and  substituting  this 
value  in  the  last  formula  for  the  85  lbs.,  we  get  a  mean  cylinder 
pressure  of  43*4  lbs.,  which  is  certainly  a  very  close  approxima- 
tion to  the  mean  cylinder  pressure  43*5  lbs.,  as  found  from  the 
actual  indicator  diagram  by  measurement.  It  must  be  admitted, 
however,  that  this  indicator  diagram  is  an  exceptionally  good 
one,  and  corresponds  more  closely  in  form  than  most  engine 
diagrams  do,  to  a  theoretically  perfect  diagram. 

It  is  therefore  advisable  to  be  cautious  in  trusting  to  this 
formula.  It  will  well  repay  time  spent  to  draw  out  to  a  large 
scale  the  most  probable  indicator  diagram  for  any  engine  that 
we  may  be  designing,*  bringing  to  bear  any  known  results  for  the 
reduction  of  boiler  pressure  due  to  wire  drawing  under  similar 
conditions,  as  well  as  for  the  effects  of  clearance,  release,  and 
compression  on  the  area  and  on  the  form  of  the  diagram,  so  as  to 
ascertain  the  mean  pressure,  and  thereby  the  horse-power 
graphically,  as  well  as  by  the  formula ;  for  actual  final  results  as 
found  by  indicator  diagrams  have  been  known  to  vary  25  per 
cent,  from  the  previous  calculated  results,  when  trusting  merely 
to  the  formula  and  to  the  supposed  boiler  pressure.  Of  course 
such  a  result  might  be  fairly  termed  a  miscalculation  ! 

The  following  Napierian  logarithms  will  facilitate  the  calcula- 
tion of  mean  pressures : — 


Hyperbolic  or 

Napierian  Logarithms 

of  Ratios 

of  Expansion. 

No. 

Logarithm. 

No. 

Logarithm. 

No. 

Logarithm. 

1    No 

Logarithm. 

1 

0 

35 

1-2527629 

6 

1-7917595 

■   8'5 

21400661 

115 

•2231435 

375 

13217559 

6-25 

1-8325814 

8-75 

2-1690536 

1-5 

•4054652 

4 

1-3862943 

6o 

1-8718021 

9 

2-1972245 

1-76 

•5596157 

4-25 

14469189 

6-75 

1-9095425 

1  9-25 

2-2246236 

2 

•6931472 

4-5 

1-5040773 

7 

1-9459100 

1  95 

2-2512918 

2-25 

•8109303 

4-75 

1-5581446 

7-26 

1-9810014 

,  9-75 

2-2772673 

2-5 

•9162907 

5 

1-6094379 

7  5 

2-0149030 

10 

2-3025851 

2-75 

1-0116009 

5-25 

1-6582280 

7-75 

2  0476928 

12 

2-4849065 

3 

10986124 

5  5 

1-7047481 

8 

20794414 

15 

2  7080502 

325 

1-1786549 

5-75 

1-7491998 

8-25 

2-1102128 

IS 

28903847 

*  The  plan  of  plotting  diagrams  to  one  scale  as  explained  at  the  end  of 
Lecture  XV.,  should  be  followed  in  the  ease  of  compound  engines. 
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Brake  Horse-power. — It  is  often  advisable,  more  especially  in 
the  case  of  competitive  trials  of  Land  and  Electric  Light  Engines, 
to  know  the  actual  power  given  out  by  an  engine  independent 
of  the  power  absorbed  in  friction,  <fcc.,  in  driving  the  engine 
itself.  In  order  to  ascertain  this,  it  is  necessary  either  to  apply 
an  absorption  or  a  transmission  dynamometer  to  the  fly-wheel, 
or  to  a  pulley  keyed  on  the  crank  or  first  shaft.  The  power  so 
obtained,  is  termed  the  Brake  Horse-Power  and  symbolised  by 
the  letters  B.H.P. 

It  is  certainly  much  more  satisfactory  to  the  buyer  of  an 
engine  to  know  definitely  the  B.H.P.  of  an  engine,  than  either 
the  almost  obsolete  N.H.P.,  or  the  now  more  common  I.H.P., 
for  thereby  he  knows  exactly  what  power  he  can  get  from  the 
engine  at  a  certain  speed ;  and  it  would  be  well,  both  for  buyers 
and  sellers,  if  this  system  of  reckoning  the  power  of  smaller 
engines  was  always  insisted  upon,  and  a  test  made  before 
acceptance. 

One  of  the  simplest  and  most  easily  applied  Absorption 
Dynamometers  is  that  known  as  the  Prony  Brake,  which  we 
now  illustrate  and  explain  by  an  actual  example  of  a  test  made 
by  the  author. 


Prony  Bbakb  or  Absorption  Dynamometer. 

Where  W  B  represents  Wooden  blocks  to  fit. 

D         „         Drum  or  pulley  keyed  to 
8         ,,  Driving  shaft. 

&i&a         »»         Iron  bolts  with  ram's  horn  nuts  to  adjust  the 
tightness  of  W  B  on  D. 
IB         „  Stift  iron  bar  with 

SB         ,t  Salter's  balance  at  one  end,  and 

C  W         „  Small  counter  weight  to  balance  extra  length  of 

IB  and  S B  on  other  side. 
AN         „         Adjusting  nut  for  Salter's  balance. 
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Method  of  taking  Test  fob  Brake  Horse-Power. 

1.  Adjust  position  of  0  W  until  it  balances  the  weight  of  I B, 
A  N,  and  S  B,  with  the  wooden  blocks  slack  on  pulley. 

2.  Start  machinery  and  tighten  blocks,  WB,  by  ram  nuts 
until  desired  speed  is  attained,  at  same  time  adjusting  S  B  by 
nut,  A  N,  until  a  balance  is  obtained,  keeping  I B  level 

Note  number  of  revolutions  per  minute  by  speed  indicator 
and  stress  indicated  by  spring  balance. 

H.P.  =  horse-power  developed  on  brake. 

Where  r  —  horizontal  distance  from  centre  of  balance  to  centre 
of  shaft  S  in  feet, 
n  «=  number  of  revolutions  per  minute. 
P  =  Salter's  balance  reading. 

Since  ^^  «  -0001904  =  a  constant 
H.P.  =  -0001904  x  r  x  n  x  P. 

Ex. — Test  recently  taken  by  the  author  of  fast-speed  Westing- 
house  engine  (diameter  of  cylinder  7-inch,  stroke  5-inch,  pressure 
of  steam  55  lbs.),  with  crank  shaft  coupled  direct  to  an  Edison 
dynamo. 

The  blocks,  W  B,  were  fixed  to  a  fly-wheel  of  2  ieet  diameter, 
which  was  6  inches  broad. 

r  =  2-5  feet;  n  =  624;  P  =  48  lbs. 

.\  H.P.  =  -0001904  x  r  x  n  x  P 

.-.  H.P.  =  -0001904  x  2'5  x  624  x  48 

.-.  H.P.  -  14-26. 

It  is  important  to  note  that  neither  the  diameter  of  the  pulley 
nor  the  pressure  of  the  friction  blocks  on  the  same  (due  to  the 
weight  of  the  apparatus,  or  the  tightening  of  the  ram  nuts),  nor 
the  coefficient  of  friction  enter  into  the  formula  for  obtaining 
the  horse-power.  The  only  data  required  being  the  horizontal 
length  of  lever,  r,  the  pull,  P,  and  the  number  of  revolutions. 

For,  let,  p,  be  the  pressure,  and,  f,  the  coefficient  of  friction 
between  the  face  of  the  drum,  D,  and  two  brake  blocks,  W  B, 
then  the  twisting  moment,  T,  tending  to  turn  the  brake  blocks 
round  with  the  shaft  is 

T  -  2pf  x  rx 

Where  rx  is  the  radius  of  the  pulley  or  drum,  D,  in  feet 
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But  this  twisting  moment  is  balanced  by  the  pull  on  the 
spring  balance,  P,  multiplied  by  its  leverage,  r. 
.:  2p/r^  =  Pr. 

The  angle  turned  by  the  pulley  or  drum,  D,  per  minute 
=  2irn  radians,  and  since  the  work  done  by  a  couple  is  the 
product  of  its  moment  into  the  angle  through  which  the  body 
acted  on  turns  : — 

The  work  absorbed  by  friction  =  The  work  done  per  miuute 

in  foot-pounds,  i.e., 

2p/rl  x  2  T?i  =  Pr  x  2crn 

,     __        Tr  x  2crn       2<rrnP 
and.-.  theH.P.  = 


33000 


33000 


It  is  sometimes  advisable  to  add  a  dash  pot  to  the  lever,  I  B, 
in  order  to  get  steady  readings  of  the  Salter's  balance  or 
weight,  P. 

Another  very  useful  and  practical  form  of  Prony  Brake  is 
that  shown  in  the  following  figure  : — 


8.H 


W.B, 
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Here  the  balance  weight  and  ram  nuts  are  done  away  with, 
in  favour  of  a  steel  hoop  or  strap,  S  H,  to  which  are  fitted  wooden 
blocks,  WB,  with  spaces,  of  say  2  inches  or  so  intervening 
between  them,  surrounding  the  fly-wheel,  FW,  keyed  on  the 
crank  shaft,  S.  Clips,  C,  made  of  iron  or  steel,  keep  this  brake 
strap  fair  on  the  fly-wheel,  and  thus  prevent  it  from  sliding  to 
one  side  more  than  another. 

The  engine  is  started  with  the  adjusting  nut,  A  N,  and  the 
spiral  spring,  S  S,  slack  until  it  reaches  the  normal  speed.  The 
nut,  A  N,  is  now  gradually  tightened,  the  speed  being  kept  con- 
stant and  the  pointer,  P,  level ;  the  tension  on  the  Salter's 
balance,  S  B,  is  read  off  and  the  calculation  made  for  the  B.H.P. 
exactly  as  in  the  former  example.  This  form  of  brake  is  now 
adopted  by  several  well-known  makers;  and,  as  the  author  has 
frequently  used  it  in  testing  these  engines,  he  can  confidently 
recommend  it  in  preference  to  the  former  method.  Messrs. 
Alley  &  Maclellan,  the  makers  of  the  Westinghouse  fast-speed 
engine,  keep  the  adjusting  nut,  A  N,  and  spiral  spring,  S  S,  at  the 
right-hand  side,  and  do  away  with  the  Salter's  balance,  S  B,  sub- 
stituting instead  an  ordinary  Pooley  weighing  balance  (of  the 
same  pattern  as  is  to  be  found  at  every  railway  station),  placed 
on  the  left-hand  side.  Then  the  pressure  on  the  base  of  the 
Pooley  balance  directly  measures  P,  in  lbs. 

One  of  the  best  known  forms  of  friction-brake  dynamometers, 
fitted  with  a  compensating  device,  is  that  designed  by  Mr.  0.  E. 
Amos  and  Mr.  Appold,  and  is  the  form  used  for  the  larger  powers 
by  the  Royal  Agricultural  Society.  It  is  similar  to  that  shown 
by  the  next  figure;  but,  besides  a  hand-adjusting  screw,  AS, 
similar  to  that  shown  in  the  last  figure,  it  is  provided  with  a 
compensating  lever,  EOD,  by  means  of  which  the  rise  or 
fall  of  the  load,  W,  is  to  be  attended  with  a  decrease,  or 
increase,  in  tension  on  the  brake-strap,  so  that  a  position  of 
equilibrium  is  automatically  attained  without  causing  inaccuracy 
in  the  indications.  With  a  given  tension  in  the  brake-strap, 
and  with  the  load,  W,  carried  so  that  its  point  of  suspension,  A, 

is  opposite  the  pointer, *,  the  lever,  EOD,  takes  a  vertical 

position ;  but  as  soon  as  the  load,  W,  is  lifted,  the  lever  pivoted 
at  E,  moves  round  to  lift  with,  and  virtually  increases  the  length 
of,  the  brake-strap,  and  thus  slackens  it,  allowing  the  load  again 
to  descend.  If,  on  the  other  hand,  the  total  friction  decreases 
and  is  insufficient  to  carry  the  load  in  its  normal  position,  the 
descent  of  the  load  presses  round  the  point  of  the  compensating 
lever  to  the  right,  thus  tightening  the  belt  and  increasing  the 
factional  grip  until  the  conditions  are  again  such  as  will  enable 
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the  load  to  reassume  the  medial  position.  If  the  change  in 
the  position  of  the  point  of  suspension  of  the  load  has  been  due 
to  a  temporary  cause,  this  automatic  action  may  restore  the 
balance  without  further  adjustment ;  but  if  the  departure  from 
the  medial  position  is  not  small,  then  the  adjustment  by  the 
hand-screw  must  be  resorted  to.  It  will  be  seen  that  the 
compensating  action  cannot  come  into  play  except  by  the  rise  or 
fall  of  the  weight  from  its  proper  position,  and  hence  the  value 
of  the  device  is  confined  to  its  power  of  limiting  that  rise 
and  fall. 

So  long  as  the  Appold  brake,  like  that  of  the  Royal  Agricul- 
tural Society,  is  not  used  for  more  than  15  H. P.,  and  is  sufficiently, 
but  still  sparingly,  lubricated  with  tallow  or  suet,  the  friction 
between  the  wooden  blocks  and  iron  wheel  is  such  that  the 


Appold*s  Compensation  Brake,  used  bt  Royal  Agricultural 
Society. 


weight  of  the  brake-strap  and  blocks  with  the  suspended  load,  is 
sufficient,  at  the  ordinary  speeds  of  the  engines  tested,  to  carry 
the  load  without  screwing  up  the  belt  (by  adjusting  screw  as 
shown  in  last  figure)  so  that  there  is  more  than  a  few  lbs.  tension 
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at  the  compensating  lever,  E  0  D.  Under  such  conditions  the 
lever  does  not  affect  results,  and  adjustment  of  the  frictional  grip 
and  position  at  which  the  load  is  carried  has  to  be  made  by  the 
hand-screw.  The  conditions  are  the  same  as,  or  very  similar  to, 
those  which  would  obtain  if  the  brake  were  without  compensating 
lever,  but  with  a  belt  so  slack  that  the  bottom  blocks  barely 
touch  the  wheel.* 

Let  TV       -=  load  on  brake-strap  (see  foregoing  figure) ; 

Tj  T3  «=  tensions  at  two  ends,  C  and  D,  of  strap  connected 
to  lower  ends  of  compensating  levers ; 

P        —  pull  on  upper  end,  at  E,  of  these  levers ; 

rx  r2   =  radii  of  brake-strap  and  wheel  respectively ; 

F        *  total  friction  of  brake-strap. 

In  the  correspondence  upon  Mr.  Beaumont's  paper,  Professor 
T.  Alexander  and  Mr.  A.  W.  Thomson  considered  that  the 
Appold  brake  gave  quite  accurate  results  when  it  was  used 
properly.  Let  the  lever,  E  C  D,  take  some  definite  fixed  position, 
say  to  the  left  of  the  vertical  when  the  engine  is  working 
smoothly;  in  this  position  the  lever  may  be  supposed  to  be 
fixed  to  the  ground.  The  tension  of  the  brake-blocks  on  the 
lever,  towards  the  right  at  0,  and  left  at  D,  are  represented  in 
the  figure  by  T.  and  Ts.  On  the  other  hand  the  reactions  of 
the  lever  on  the  brake-blocks  are  Ta  towards  the  left  at  0,  and  T8 
towards  the  right  at  D ;  then,  since  there  is  equilibrium,  the  sum 
of  the  moments  round  O,  the  centre,  of  (1^  friction  of  brake-blocks, 
(2)  weight,  W,  and  (3)  the  tensions  of  lever,  T«  and  T3,  is  zero. 
Taking  the  lever  now,  not  as  fixed  to  the  ground,  Dut  as  pivoted  at 
E ;  then  It,  the  resultant  of  T2  and  T3,  must  pass  through  E.  Ts 
and  T8  may  now  be  replaced  by  It ;  and  the  sum  of  the  moments 
round  O,  the  centre,  of  (1)  friction  of  brake  blocks,  (2)  weight,  W, 
and  (3)  the  force,  It,  is  zero.  Resolving  R  into  vertical  and  hori- 
zontal components,  V,  and,  P,  acting  at  the  point,  E ;  then,  since  E 
is  vertically  under  O,  the  line  of  action  of  V,  passes  through 
O,  and  its  moment  is  zero;  and  therefore  the  sum  of  the 
moments  round  O,  the  centre,  of  (1)  friction  of  brake-blocks,  (2) 

*  Extract,  with  following  three  figures,  from  The  Proc  In$L  C.E., 
vol.  xcv.t  session  1888-89,  by  kind  permission  of  the  Council.  In  Paper  by 
W.  W.  Beaumont,  M.Inst,  C.E.,  on  "Friction  Brake  Dynamometer*/' 
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weight,  W,  and  (3)  the  horizontal  force,  P,  acting  towards  the  left 
at  E,  is  zero ;  that  is — 

Wrx  =  P  x  OE  +  Frj. 

The  amount  of  this  horizontal  force,  P,  can  be  easily  measured 
by  a  spring-balance.  With  a  low  coefficient  of  friction,  the  tension 
on  the  brake-strap  has  to  be  increased;  and  since  the  ratio 
existing  between  T«  and  T8  is  constant,  depending  on  the 
proportions  of  the  lever,  it  follows  that,  P,  may  be  of  con- 
siderable amount;  and  any  quantitative  results  calculated 
without  taking  it  into  account  will  be  erroneous.  With  a 
high  coefficient  of  friction  the  force,  P,  may  be  small,  and  the 
results  might  probably  be  not  far  wrong,  even  if,  P,  were  left  out 
of  account.  In  every  case,  however,  where  accuracy  is  desired, 
the  moment  of,  P,  must  be  considered. 

In  the  same  correspondence  on  friction-brake  dynamometers, 
Professor  A.  Jamieson  stated  that  about  a  year  ago  he  had 
occasion  to  make  a  series  of  tests  on  a  Griffin  gas-engine.  The 
brake  proposed  by  the  makers  of  this  engine  was  the  same  as 
that  used  by  the  Royal  Agricultural  Society  described  and  com- 
mented upon  in  the  Paper.  Owing  to  the  evident  defects  of  the 
Agricultural  Society's  brake,  one  of  the  following  form  was 


adopted  instead,  which  gave  fairly  good  results  with  the  gas- 
engine,  developing  13*6  brake  H.P.  The  chief  objections,  how- 
ever, to  it  were: — 1.  That  even  for  that  small  power,  it  was 
necessary  to  have  two  brakes,  one  brake  upon  each  fly-wheeL 
2.  That  the  lubrication  of  the  brakes  required   considerable 
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attention.  3.  That  the  back  pull,  indicated  by  the  Salter's 
balances,  varied  considerably,  and  hunted  up  and  down  within 
limits  which  necessitated  some  guessing  and  frequent  observa- 
tions. 4.  That  the  oil  or  grease  for  lubricating  the  fly-wheels 
bespattered  the  floor,  the  wall  opposite,  and  the  observer's 
clothes,  when  reading  the  Salter's  balances. 

He  had  again,  December  14,  1888,  had  an  opportunity  of 
testing  an  identically  similar  gas-engine  at  Kilmarnock.  This 
time  he  employed  only  one  brake  fixed  on  one  of  the  fly-wheels. 
The  next  figure  illustrated  this  form  of  brake,  which  he  under- 
stood was  the  same  as  that  which  had  been  used  by  the  jurors  at 


the  late  gas-engine  trials  under  the  auspices  of  the  Society  of 
Arts.    The  following  Table  showed  the  more  important  results: — 

Mean  rerolations  of  brake  fly-wheel  per  minute,        .    205 
Maximum  deviation  from  mean  speed,  per  cent.,       .       5  £ 

Dead  load,  W,  in  lba 157 

Mean  back  pall  on  balance,  in  lbs.,    ....        4 
Radius  of  dead  load,  W,  from  centre  of  brake  wheel,  1     0  ™ 

-rinfcet, ./    2'662 

Site  of  each  of  the  two  small  ropes,  diameter  in  inches,       0*6 
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Mean  brake  H.  P.  during  two  hours*  run,   .        .        .15*23 

Gas  consumption  per  brake  H.  P.  in  cubic  feet  per  hour,     24*3 

„  „  indicated  H.  P.  „  „      .      18*9 

He  considered  this  form  of  brake  preferable  to  any  one  of 
the  numerous  forms  that  he  had  tried,  and  believed  it  could  be 
adopted  for  large  powers,  and  for  long  continuous  runs  for  the 
reasons: — 

1.  It  could  be  constructed  on  very  short  notice  from  materials 
always  at  hand  in  every  factory  or  workshop,  and  at  very  little 
expense.  2.  It  was  so  self-adjusting  that  no  very  accurate  fitting 
was  required.  3.  It  could  be  put  on  and  taken  off  in  about  one 
minute  ;  being  very  light  and  of  small  bulk  it  could  be  hung  up 
or  laid  by  in  a  cupboard.  4.  It  needed  little  if  any  attention  for 
lubrication.  5.  The  back  pull  registered  by  the  spring-balance 
was  steady,  and  might  be  made  a  minimum  by  properly  adjusting 
the  load,  W,  before  commencing  the  trial  run.  6.  The  brake- 
wheel  soon  attained  such  a  maximum  temperature  that  the 
radiating  heat  balanced  the  heat  being  generated  by  friction. 
7.  It  might  be  used  for  small  as  well  as  for  large  powers,  without 
any  special  attendant  apparatus  except  a  weight  and  a  spring- 
balance.  8.  For  larger  powers  only  more,  or  larger,  or  flatter 
ropes,  or  a  larger  brake-wheel,  were  required. 

Since  the  above  tests  were  taken  he  had  been  called  upon  to 
test  the  "  Ajax  "  gas  engine  as  made  by  the  Glasgow  Gas  Engine 
Co.  at  their  Bridgeton  Works,  Glasgow.  The  brake  used  on  9th 
March,  1889,  was  of  the  form  shown  by  Fig.  1,  and  on  March  29 
by  Fig.  2.  They  are  of  the  same  kind  as  those  employed  by  the 
jurors  in  the  late  trials  of  Gas  Engines  under  the  auspices  of  the 
Society  of  Arts,  London,  and  give  much  more  satisfactory  and 
uniform  results  than  any  other  form  of  brake  hitherto  devised  for 
light  work.  The  substitution  of  the  spring  balance  in  Fig.  2,  for 
the  dead  weight  in  Fig.  1 ,  is  a  decided  advantage,  since  the  net 
load  (or  difference  between  the  actual  readings  on  the  lower  and 
that  on  the  upper  balance)  can  be  so  easily  kept  constant  through- 
out the  run.  The  balances,  <fec,  were  most  carefully  tested  against 
registered  weights,  after  the  runs  and  the  proper  allowance  was 
made  for  the  net  weight  of  the  part  of  the  lower  balance  which 
aided  the  positive  pull,  as  well  as  for  the  false  zeros  of  each. 

The  circumference  of  the  circle  with  radius  from  centre  of 
fly-wheel  to  centre  of  dead- weight  was  exactly  17  feet 

Careful  observations  of  the  gas  meter,  speed  indicator,  and 
brake  load  were  taken  simultaneously  every  ten  minutes  through- 
out the  whole  of  the  three  hours'  continuous  tests  on  9th  March, 
and  every  fifteen  minutes  throughout  the  six  and  a-half  hours' 
run  on  29th  March. 
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Fig.  2. 


THE  TWO  FORMS  OF  BRAKE 
Used  bt  Prof,  Jamibson 

1*1  .m  m  t%  j-*  *-        —-Diqitized  by 

ZN  TlSTIKO  TEX  "  AjAX  "  GLASGOW  GAS  EnOUCI 

tor  Brake  Horse-Power. 
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Mian  Results  op  a  Three  Hours'  and  a  Six  Hours'  Continuous 

B.H.P.  Tests  at  Full  Normal  Working  Power; 

also,  Half-an-Hour  at  Full  Power  of 

THE  "AJAX"  GLASGOW  GAS  ENGINE. 
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S 

Much  9Jt  188*  M«M  at  Six  Boon  Ttata, 
13  to  6  p.m. 
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Fourth 
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Net  Brake  Load,  in  lbs.,    . 

Gas  Consumption  (Main 
onlf)  in  Cnbio  Feet,  per 
Hour,        .... 

Brake-Horse-Power,  . 

Gas,  per  Brake -Horse- 
power, in  Cubic  Feet,  per 
Hour,        .... 

Mean  Effective  Pressure,  in 
lbs.,  per  Square  Inch, 

Indicated  Horse  Power 
from  above  data. 

Gas,  per  LH.P..  in  Cubic 
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17*2 
84*2 
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98 

218 
101 
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Transmission  Dynamometer. — There  are  many  forms  of  trans* 

mission  dynamometers,*  by  which  the  power,  being  transmitted 
from  a  steam  engine,  water-wheel,  or  other  prime  motor  to 
shafting  or  to  any  particular  machine,  may  be  registered  without 
absorbing  more  than,  a  small  and  known  amount  of  power. 

One  of  the  simplest  and  most  easily  understood  is  that  devised 
by  Profs.  Ayrton  and  Ferry,  of  the  City  and  Guilds  of  London 
Technical  Institute. 

t  "  The  instrument,  as  seen  in  the  figure,  consists  of  a  pulley, 
F,  rigidly  fixed  to  the  shaft,  0  D,  a  loose  pulley,  G,  and  a  pulley, 
H,  joined  by  the  spiral  springs,  B,  to  the  ribbed  plate,  E,  which 
is  rigidly  fixed  to  the  shaft,  G  D.  If,  then,  the  engine  belt  is  on 
F,  and  the  belt  to  the  dynamo  or  driven  machine  on  H,  or  vice 
versa,  the  springs,  B,  will  be  stretched,  depending  on  the  'torque' 
or  twist  transmitted.  The  extension  of  these  springs  causes,  by 
means  of  a  small  link-motion  seen  at  the  lower  right-hand  corner  of 

*  For  a  complete  treatise  on  dynamometers  see  The  Electrician,  Nov.  and 
Dec.,  1883 ;  also  Prof.  Goodeve's  Principles  of  Mechanics,  1883  edition, 
pp.  188-191. 

t  From  Pro£  Ayrton's  Lecture  on  "  Measuring-Instruments  for  Trans- 
mission of  Power,"  Published  in  The  Proceedings  of  the  Society  of  Telegraph 
Engineers,  VoL  xi,  pp.  266-267. 
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the  figure,  the  bright  bead,  A,  at  the  end  of  a  long  arm  to  approach 
the  centre.     Hence  the  smaller  the  radius  of  the  circle  described 


Psoas*  Aybton*  &  Perry's  Transmission  Dynamometer. 


by  this  bright  bead  as  it  revolves,  the  greater  the  torque.*  Con- 
sequently, the  horse-power  transmitted  is  at  once  obtained  from 
observing  the  indicated  torque  and  the  speed  of  rotation.  The 
arm  carrying  the  bead  is  slightly  flexible,  and  when  no  power  is 
being  transmitted  the  bead  is  pressed  with  a  certain  force  against 
the  rim  of  the  front  plate,  hence  the  bead  does  not  commence 
moving  until  a  certain  prearranged  horse-power  at  a  given  speed 
is  being  transmitted;  its  whole  radial  motion,  therefore,  is 
completed  for  a  certain  additional  transmitted  horse-power,  the 
necessary  addition  depending  on  the  power  of  the  springs  and 
the  leverage  of  the  link-motion.  Consequently,  a  large  change 
in  the  radius  of  the  circle  of  light  is  produced  by  a  small  change 
in  the  transmitted  horse-power.  Further,  one  of  the  pins  in  the 
links  can  be  taken  out  and  put  into  another  hole,  which  has  the 
effect  of  greatly  altering  the  leverage  of  the  links,  thus  increasing 
the  magnification  and  causing  the  motion  of  the  bead  to  be 
completed  for  another  range  of  power.     For  example,  the  springs. 

*  The  word  torque  was  first  suggested  by  Prof.  James  Thomson,  Glasgow 
University,  and  means  the  turning  moment  or  turning  force  multiplied  by 
its  distance  from  centre  of  abaft. 
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and  link-motion  may  be  so  arranged  that  with  one  of  the  two 
adjustments  the  bead  may  commence  to  move  when  8  horse-power 
is  being  transmitted  at  a  certain  speed;  the  whole  motion  from 
the  circumference  to  the  centre  may  be  completed,  when  the 
horse-power  transmitted  varies  from  8  to  12.  With  the  other 
adjustment,  the  bead  may  start  moving  when  4  horse-power  is 
being  transmitted,  and  the  entire  travel  of  the  bead  from  the 
circumference  to  centre  completed  by  this  transmitted  horse- 
power increasing  from  4  to  6.  Slipping  either  the  driving  or  the 
driven  belt  on  to  the  loose  pulley,  G,  causes  the  transmission 
dynamometer  and  the  dynamo  machine  to  stop  while  the  engine 
is  going  on." 

Dynamometer  Coupling. — "The  next  figure  shows  Profs. 
Ayrton  and  Perry's  dynamometer  coupling,  which  differs  only 
from  the  preceding  in  that  it  is  intended  to  be  used  with 
machinery  driven  directly  by  shafting  where  belting  is  not 
employed.  For  instance,  this  coupling  may  be  used  to  measure 
the  horse-power  given  by  a  fast-spet  d 
engine  to  a  dynamo  or  other  machine 
driven  directly  by  it,  or  it  may  be 
employed  to  measure  the  power  given 
by  a  marine  engine  to  the  screw  or 
to  the  paddles,  or  generally  the  horse- 
power transmitted  along  any  line  of 
shafting;  the  spring  coupling,  in  fact, 
replacing  the  ordinary  coupling  used 
with  such  shafts. 

"  One  of  the  halves  of  the  coupling 
seen  in  the  figure  is  keyed  to  the 
driving  shaft — -for  example,  the  shaft 
of  a  fast-speed  engine ;  and  the  other 
to  the  driven  shaft— for  example, 
that  of  the  dynamo.  The  half,  C,  is 
attached  to  the  other  half  by  means 
of  the  spiral  springs,  and  the  stretch- 
ing of  these  is  therefore  a  measure 
of  the  torque.  The  angular  motion 
of  the  one  relatively  to  the  other 
causes  the  bright  bead,  B,  to  approach  the  centre,  and,  as  before, 
the  radius  of  the  circle  of  light  measures  the  horse-power  trans- 
mitted at  any  particular  speed.  The  arm,  E,  carrying  the  bead, 
is  also,  as  before,  slightly  flexible,  so  that  when  no  power  is 
being  transmitted  the  bead,  B,  is  pressed  with  a  certain  force 
against  the  rim  of  the  larger  plate.  Hence  the  bead  does  not 
commence  to  move  until  a  certain  prearranged  horse-power,  at 


Profs.    Ayrtox   &   Perry's 
Dynamometer  Coupling. 


Digitized  by 


Google 


AYRTOH  *  PERRY'S  DYNAMOMETER  COUPLING.       152 

a  given  speed,  is  being  transmitted,  and  the  whole  motion 
is  completed  for  any  prearranged  excess  beyond  this,  thus 
enabling  delicate  measurements  to  be  made  at  powers  a  little 
more  or  less  than  that  normally  transmitted. 

"By  a  proper  arrangement  of  the  link-motions,  we  have 
succeeded  in  making  the  radial  motion  of  the  bead  in  both 
instruments  exactly  proportional  to  the  extension  of  the  springs 
or  twist  transmitted. 

"  The  transmission  dynamometer  and  dynamometer  coupling 
just  decribed  have  the  great  advantage  over  any  sort  of  labor- 
atory dynamometers,  in  that  the  former  have  not  to  be  put  into 
position  and  adjusted  for  each  particular  experiment,  but  are 
always  ready,  and  are  always  indicating  the  power  transmitted 
at  any  given  speed.  If,  for  example,  a  dynamometer  coupling 
be  inserted  in  the  shafting  of  a  factory  in  place  of  the  ordinary 
coupling,  a  glance  at  it  at  any  time  will  show  the  power  that 
is  being  transmitted  by  it.  If  two  such  dynamometer  couplings 
be  inserted  at  two  places  in  the  same  set  of  shafting,  the 
difference  between  the  transmitted  powers  indicated  by  them 
is  the  power  utilised  by  the  machinery  driven  by  that  portion 
of  the  shafting  that  is  between  them.  At  present,  masters 
of  works,  we  think,  have  necessarily  but  rather  a  vague  idea 
of  the  amount  of  power  expended  in  different  parts  of  their 
works — how  much,  for  example,  is  used  to  drive  one  portion  of 
the  machinery  and  how  much  to  drive  some  other.  The  sub- 
stitution of  a  few  dynamometer  couplings,  at  well-chosen  plows, 
for  the  ordinary  couplings,  would  settle  this  question." 
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Lkjtukb  XVI— Questions. 

L  Define  the  horse-power  of  an  engine.  Explain  the  method  adoptee*  for 
measuring  the  work  actually  done  in  the  steam  cylinder  of  an  engine. 
Write  down  the  formula  by  which  the  horse-power  of  an  engine  is  obtained. 

2.  In  a  steam  engine  the  diameter  of  the  steam  cylinder  is  50  inches,  the 
length  of  stroke  is  7  feet,  the  number  of  revolutions  is  25  per  minute,  and 
the  mean  effective  pressure  of  the  steam  is  11  '3  lbs.  Find  the  hone-pewer 
of  the  engine.    Ans.  235*3. 

3.  In  a  beam  engine  the  mean  pressure  of  the  steam  on  the  piston  is  20 
tons,  and  the  length  of  the  crank  is  24  feet,  what  is  the  horse-power  when 
the  crank  shaft  makes  30  revolutions  per  minute  ?    Ans.  407*2. 

4  The  cylinder  of  a  steam  engine  is  3  feet  6  inches  in  diameter,  the  length 
of  stroke  is  5  feet,  and  the  crank  makes  30  revolutions  per  minute,  what  is 
the  I.H.P.  of  the  engine,  the  mean  effective  pressure  of  the  steam  in  the 
cylinder  being  10  lbs.  on  the  sq.  in.  above  the  atmosphere  ?    Ans.  12**9 

5.  It  is  recorded  of  one  of  the  earliest  steam  engines  that  it  raised  18}  cubic 
feet  of  water  through  a  height  of  19  feet  at  each  stroke,  and  made  7i  strokes 
per  minute.  The  consumption  of  coal  was  32  cwt.  in  24  hours.  Find  the 
number  of  units  of  work  obtained  by  burning  112  lbs.  of  coal,  or  what  was 
the  duty  of  the  engine,  also  pounds  of  coal  per  H.P.  per  hour.  Ans. 
7;  204,160  and  30  lbs. 

&  What  diameter  of  cylinder  will  develop  60  horse-power  with  a  four-foot 
stroke,  40  revolutions  per  minute,  and  a  mean  effective  steam  pressure  of 
80  lbs.  above  the  atmosphere,  the  engine  being  non-condensing?   Ans.  14*78. 

7.  The  diameter  of  cylinder  of  non-condensing  engine  is  18  ins.,  length  of 
stroke  2  ft  6  ins.,  mean  pressure  of  steam  20  lbs.  on  sq.  in.  above  the  atmos- 
phere. Find  the  number  of  revolutions  per  minute  when  the  engine 
develops  27  H.P.     {Adv.  S.  and  A.,  188b.)    An*.  =  140  revs,  per  min. 

8.  If  200  tons  be  lifted  5  feet  in  5  minutes  by  a  steam  engine,  wherein  the 
area  of  the  piston  is  400  sq.  ins.,  the  mean  pressure  of  the  steam  on  the 
piston  is  25  ids.  on  the  sq.  in. ,  the  length  of  stroke  is  4  feet,  and  the  number 
of  double  strokes  made  m  a  minute  is  15,  what  proportion  of  the  power 
applied  to  the  piston  is  lost  in  the  working  of  the  machinery?  Ans.  02  per 
cent. 

9.  Define  the  horse-power  of  an  engine.  If  an  engine  consumes  2  lbs.  of 
coal  per  horse-power  per  hour,  how  many  foot-pounds  of  work  will  it  per- 
form when  consuming  112  lbs.  of  coal?    Ans.  1,848,000  per  minute. 

10.  Having  obtained  indicator  diagrams  from  a  single  cylinder  engine, 
state  particularly,  and  with  the  necessary  details  and  sketches,  the  method 
of  obtaining  the  indicated  horse-power.  A  motion  of  1*  in  the  pencil  of 
the  indicator,  as  due  to  steam  pressure,  =  20  lbs.  on  the  sq.  in.,  what  is 
the  H.P.  at  90  revols.  per  min.,  if  diam.  of  the  piston  be  10",  stroke  20", 
area  of  diagram  8  sq.  in.,  and  length  5*  ?    Ans.  2*2 '8. 

11.  If  the  boiler  of  an  engine  gives  out  every  minute  100  cubic  feet  of 
steam  which  propels  the  piston  with  an  average  pressure  of  50  lbs.  on  the 
square  inch,  what  is  the  horse-power  of  the  engine  ?    Ans.  21*8. 
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IS.  Ab  engisttu  competent  to  raise  70  millions  of  pounds  through  om  foot 
by  the  burning  of  112  lbs.  of  coal,  how  many  pounds  of  ©oal  does  it  consume 
per  hone-power  per  hour  ?    Ana.  3*17  lbs. 

13.  The  cylinder  of  a  single-acting  pumping  engine  is  72  inches  in  diameter 
with  a  stroke  of  10  feet,  and  it  works  a  pump  whose  plunger  is  23  inches  in 
diameter  with  a  stroke  also  of  10  feet.  The  load  is  142  lbs.  per  square  inch 
of  tiie  area  of  the  plunger.  Find  the  mean  pressure  of  the  steam  per  square 
inch  of  the  piston  and  the  horse-power  wnen  the  engine  makes  8  strokes 
per  minute.    Ana.  1449 lbs.    H.P.  =  143. 

14.  The  two  cylinders  of  a  locomotive  engine  are  each  17  inches  in  diameter, 
and  the  length  of  stroke  is  24  inches,  also  the  driving  wheel  makes  100 
revolutions  per  minute,  and  the  mean  effective  pressure  of  the  steam  is  80 
lbs.    Find  the  horse-power.     Ant.  440*3. 

15.  In  a  compound  cylinder  marine  engine,  the  diameter  of  the  high- 
pressure  cylinder  is  57  inches,  and  that  of  the  low-pressure  cylinder  is  100 
inches,  the  stroke  of  each  piston  being  2}  feet.  The  mean  pressures  of  the 
steam  in  the  respective  cylinders  are  26  lbs.  and  8  J  lbs. ,  and  I.H.P.  is  1,028 ; 
find  the  number  of  revolutions  made  in  one  minute.  With  what  view  is  an 
engine  constructed  in  the  manner  pointed  out  ?    Ana,  46*3. 

16.  The  area  of  the  piston  of  an  engine  is  3  square  feet,  the  pressure  of  the 
steam  is  15  lbs.  per  square  inch  above  the  atmosphere  on  admission,  and  the 
steam  is  cut  off  at  £  of  the  stroke;  the  crank  shaft  makes  40  revolutions 
per  minute,  and  the  length  of  the  stroke  is  3  feet,  find  the  H.P.  (given  hyp. 
log.  3=1  -0986124).    Ana.  Exhausting  at  zero-pressure  =  65*9.    See  p.  154a. 

17.  The  cylinder  of  an  engine  is  3  feet  6  inches  in  diameter,  the  stroke  is 
5  feet,  and  the  steam  is  cut  off  at  £  of  the  stroke.  If  steam  be  admitted  into 
the  cylinder  at  45  lbs.  pressure,  find  the  work  done  in  one  stroke  (log. 
3  =  1  '0986124).    Ana.  218,061  ft  -lbs.    See  p.  154a  for  working  out 

18.  Steam  enters  a  cylinder  at  80  lbs.  absolute,  and  is  cut  off  at  £  of  the 
stroke.  The  diameter  of  the  piston  is  40  inches  and  the  length  of  stroke 
5  feet,  the  number  of  revolutions  being  50  per  minute.  Back  pressure  3  lbs. 
absolute,  find  the  horse-power  of  the  engine.    Ana.  1,009. 

19.  The  stroke  of  a  piston  is  5  feet,  and  its  diameter  is  4  feet,  steam  is 
admitted  at  20  lbs.  absolute  (no  back  pressure),  and  is  cut  off  at  \  stroke 
find  work  done  in  one  stroke.  If  steam  be  cut  off  at  4  stroke,  and  the  final 
pressure  Is  required  to  remain  unchanged,  what  should  be  the  diameter  of 
the  cylinder  in  order  that  the  work  done  may  also  remain  unchanged  ?  (log. 
2  =  '6931472,  log.  3  =  1*0986124).     Ana.  153,192  ft-lbs.;  431  ins. 

20.  In  a  compound  cylinder  tandem  engine  the  steam  is  cut  off  at  £  of  the 
stroke  in  the  high-pressure  cylinder,  the  areas  of  the  pistons  are  as  1  to  3, 
and  the  diameter  of  the  smaller  cylinder  is  20  inches;  investigate  an 
expression  for  the  work  done  in  one  stroke.  Example:  Find  the  horse- 
power of  the  engine  when  the  initial  pressure  of  the  steam  is  85  lbs.  per 
square  inch  above  that  of  the  atmosphere — viz.,  15  lbs.,  the  back  pressure 
in  the  large  cylinder  is  3  lbs.  per  square  inch,  and  the  speed  of  each  piston 
is  900  feet  per  minute.    Ana.  278  taken  isothermally. 

21.  Describe  a  method  of  obtaining  the  brake  horse-power  of  an  engine, 
and  state  the^  advantages  to  buyer  and  seller  of  adopting  this  method  over 
that  of  nominal  or  indicated  horse-power.  An  engine  is  making  150 
revolutions  per  minute,  the  diameter  of  the  brake  pulley  being  4  feet,  and 
thepull  on  the  brake  50  lbs.,  what  is  the  B.H.  P.  ?    Ana.  2*85. 

22.  Explain  by  a  sketch  and  index,  using  the  first  letter  of  the  word,  a 
transmission  power  dynamometer,  and  explain  the  advantages  of  this 
instrument  to  an  engineer. 
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23.  The  diameter  of  the  cylinder  of  an  engine  being  53  inches,  the  stroke 
6  feet,  and  the  number  of  revolutions  30  per  minute,  2nd  the  mean  pressure 
of  the  steam  to  develop  60ft  indicated  horse-power.    Ans.  29*9. 

24.  The  diameter  oi  a  steam  cylinder  is  8  inches,  the  stroke  of  the 
piston  is  18  inches,  the  number  of  revolutions  per  minute  is  150,  and  the 
mean  effective  pressure  of  the  steam  is  35  lbs.,  find  the  LH.P.,  taking  w 
=  3f.  The  same  engine  is  tested  by  a  brake -pulley  on  the  crank-shaft 
5  feet  in  diameter,  the  effective  load  on  the  brake  being  294  lbs.,  with  a 
radius  of  24  feet.  Find  the  brake  horse-power,  and  the  working  efficiency 
of  the  engine.    [Ado.  S.  and  A.  Exam.,  1891.)   Ana.  24;  21 ;  87*5  per  cent. 

Having  frequently  found  that  students  experience  a  difficulty  in  working 
out  such  questions  as  Nos.  16  and  17, 1  have  thought  it  advisable  to  give 
their  solution  in  full  so  that  they  may  the  more  readily  understand  how  to 
do  similar  questions. 

Question  16  of  Lecture  XV I. 

Given,     A  =  Area  of  piston  =  3  sq.  ft.  =  3  x  144  =  432  sq.  ins. 

P  =  aba.  press,  per  sq.  in.  =  15  +  15  =  30  lbs. 

i         ,,    ,     ,    *       stroke  of  engine       L      3  ft.      .  A 

I  =  point  of  cut-off  s=  — r. — g ^-t—  =»  -  =  -«-=  1  ft. 

1  ratio  of  expansion      r         3 

N  =  No.  strokes  per  minute  =  (revolutions)  x  2  =  40  x  2  =  80« 

log.  r=  1-0986124. 

ALN{?(l+log.r)-pb.| 
By  formula,  H.P.  = Li__ 

Substituting  numerical  values— 

432  x  3'  x  8o{^|^  (1  +  1-0986)  -  o} 


H.P.  =  - 


33000 


_    w  *      432  x  3  x  80  x  10  x  2  0986      ttr.ft 
,c.  H.P. gggg 65  9. 

N.&- No  value  being  giveu,  p*,  it  Is  assumed  as  =  0  lbs. 

Question  17,  Lecture  XVI. 

Given,    d  =  diameter  of  cylinder  =  34  ft.  =  42  ins. 

2° 
,*,  A  =  xra=ryx21x21=  1386  sq.  ins. 

P  =  45  lbs.  (assumed  as  the  total  pressure). 
L  =  length  of  stroke  =  5  ft. 
r  =  ratio  of  expansion  =  3. 
Required — The  work  done  in  one  stroke. 
By  formula — 

p 
Mean  press.  =  -  (1  +  log.  r)  -  p&  in  lbs.  per  sq.  inch. 

No  value  being  given  for,  /»»,  It  is  assumed  as  =  0. 
Work  done  =  space  passed  tiirough  x  force  applied 

—  L  x  -  (1  +  log.  r)  x  A. 
Substituting  numerical  values — 

Work  done  =  fix|x(l  +  1-0986)  x  13S6 

-  5  x  15  x  20986  x  1386 
■  218150  ft. -lbs.  nearly. 
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LECTURE  XVIL 

Contents.— Action  of  the  Crank— Tangential  and  Radial  Forces— Diagrams 
of  Twisting  Moments  with  Uniform  and  with  Variable  Steam  Pressure 
on  Piston,  and  neglecting  as  well  as  taking  Account  of  the  Obliquity 
of  Connecting-rod— Effect  of  Inertia  of  Moving  Parts— Case  of  a 
Horizontal  Engine  with  Connecting-rod  of  Infinite  Length — Indicator 
Diagrams  as  modified  by  Inertia  —  Graphic  Representation  of  the 
Inertia — Case  of  a  Horizontal  Engine  with  Connecting-rod  of  Finite 
Length — Position  of  Instantaneous  Axis  of  Connecting-rod. 

Action  of  the  Crank— Tangential  and  Radial  Forces. — In  most 
steam  engines  the  conversion  of  the  reciprocating  motion  of  the 
piston  into  circular  motion  is  effected  by  means  of  the  crank 
and  connecting-rod. 

The  turning  or  tangential  force  exerted  by  the  connecting-rod 
on  the  crank  varies  with  the  position  of  the  crank  itself.  Thus, 
when  the  centre  line  of  the  crank  coincides  with  a  line  drawn 
through  the  centre  of  the  cylinder  and  the  centre  of  the  crank 
shaft,  the  crank  is  said  to  be  at  the  "  dead  points,"  and  the 
connecting-rod  exerts  no  rotational  effort  on  it.  The  crank 
arrives  in  those  positions  twice  in  one  revolution,  just  when  on 
the  point  of  reversing  the  direction  of  motion  of  the  piston. 
These  positions  are  O  A  and  O  B  in  the  next  diagram.  Again, 
when  the  crank  is  at  an  angle  of  about  90°  to  the  centre  line 
through  the  cylinder  and  crank  shaft,  the  tangential  force  is  a 
maximum. 

Diagram  of  Twisting  Moments— Neglecting  Length  of  Connecting- 
Rod. — The  simplest  case  is  that  in  which  the  pressure  on  the  piston  is 
uniform  throughout  the  stroke,  and  the  obliquity  of  the  connecting-rod 
is  neglected.  Then  the  pressure  or  thrust,  Q,  on  the  connecting-rod  is 
equal  to  the  total  pressure,  P,  on  the  piston  (see  next  figure). 

Suppose  the  crank  to  be  in  the  position,  OCi,  then  by  the  parallelogram 
of  forces  the  thrust,  Q,  on  the  connecting-rod  may  be  resolved  into  two 
components,  one,  Ci  R,  acting  along  the  line  of  the  crank  and  representing 
a  radial  pressure,  R,  on  the  crank-shaft  bearing;  the  other,  Ci  T,  acting  at 
right  angles  to  O  C|,  and  representing  the  tangential  pressure,  T,  acting  on 
the  crank  pin.  Of  course,  the  whole  thrust  on  crank-shaft  bearing  is  equal 
to  the  whole  pressure  on  piston. 

Let  the  angle  A  OCx  =  $,  .\  Z  QCiO  =  0,  *.,C1Q  is||  to  AO. 
Then  the  radial  pressure,  R,  or  Cx  R  =  Q .  cos  0. 
And  the  tangential  pressure,  T,  or  Ci  T  =  Q .  sin  0. 
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These  components  may  be  plotted  out  separately  for  every  position  of  the 
crank  by  curves  in  the  following  manner :— Let  0  Oi  represent  Q,  to  any 
convenient  scale,  and  lay  off  to  the  same  scale  0  <i =T=Cx  T,  the  tangential 
uomponent  of  Q.  Then  tx  is  a  point  on  the  curve,  and  0  <i  measures  to 
scale  the  tangential  pressure  on  the  crank  pin  for  the  position,  OClf  of 
the  crank.  To  find  other  points  on  this  curve,  take  any  other  position  of 
the  crank  and  plot  off  along  that  line  of  the  crank  the  tangential  component 
of  Q  for  that  position.    If  we  find  a  number  of  points  and  join  them,  they 


toadPolnti 


Polar  Curves  of  Tangential  Force  (T)  on  Crank^in,  and  Radial 
Thrust  (R)  through  Crank,  with  Uniform  Pressure  on  Piston 
and  Neglecting  Obliquity  of  Connecting-Rod. 

will  be  found  to  lie  on  the  circumference  of  two  circles  described  with  0  to  90° 
and  0  to  270°  as  diameters.  Similarly,  if  we  lay  off  O  n  on  the  position, 
OCi,  of  the  crank,  equal  to  the  radial  component  of  Q,  for  that  position 
of  the  crank,  and  do  tne  same  for  a  number  of  other  positions,  we  have,  by 
joining  the  points,  two  complete  circles  described  with  OA  and  OB  as 
diameters,  representing  the  radial  thrust  on  the  crank-shaft  bearing  for 
any  position  of  the  crank.  In  the  position  of  the  crank  taken  (0  =  45  )  the 
radial  and  tangential  components  are  equal,  and,  therefore,  r\  coincides 
with  tv  These  circles  are  known  as  "Polar"  curves.  For  any  other 
position,  0  Cj,  of  the  crank,  the  tangential  or  turning  force  is  given  by  0 1%% 
whilst  the  radial  thrust  on  the  crank  shaft  is  given  by  0  r§. 

The  twisting  or  turning  moment  or  torque  on  the  crank  shaft  at  any 
position  is  equal  to  the  tangential  pressure  on  the  crank  pin  in  that  position 
multiplied  by  the  length  of  the  < 
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Let  r  =  radius  of  crank-pin  circle  or  the  length  of  the  crank. 
„    0  =3  the  angle  made  by  the  crank  with  the  line  of  dead  points. 
Then  the  twisting  moment  =  Q  r  sin  0. 
Or,  „  „  =  Pr  sin  0  (for  in  this  case  P  =  Q). 

Since  the  polar  curves,  O  to  90°  and  O  to  270°,  represent  the  tangential  forces 
(P  *  sin  0),  their  values  must  be  multiplied  by  r,  the  length  of  the  crank, 
in  order  to  find  the  Twisting  Moment  at  any  point ;  but,  seeing  that,  r, 
is  constant,  the  polar  corves  may  be  taken  to  represent  the  relative  values 
of  the  twisting  moments. 

The  twisting -moments  may  also  be  represented  by  the  following  diagram, 
in  which  the  horizontal  line  represents  the  path  of  the  crank,  and  the  height 
of  each  vertical  ordinate  gives  the  tangential  force  or  the  twisting  moment 
for  that  point.  To  draw  the  diagram  lor  one  stroke  of  the  piston,  or  one 
half  revolution  of  the  crank,  lay  off  a  horizontal  line  equal  to  the  semi- 
circumference  of  the  crank-pin  circle,  and  divide  it  into  10  equal  parts. 
Each  division  then  represents  a  movement  of  180  -r- 10  =  18°  of  the  crank. 
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Diagrams  of  Twhotng  Moments  for  on  half  Revolution  of  Crank. 
Both  Curves  are  Drawn  on  the  Assumption  of  Uniform  Pressure  on  Piston. 

Then  calculate  by  the  above  formula,  or  plot  out  by  the  previous  diagram 
of  polar  curves,  tangential  pressures  for  each  of  the  10  positions  of  the  crank, 
and  lav  them  off  vertically  at  each  division.  Join  these  points,  and  we 
have  the  above  full  line  curve  which  represents  ^fche  twisting  moments  for 
one  half  revolution,  neglecting  the  obliquity  of  the  connecting-rod,  and 
when  the  pressure  on  the  piston  is  uniform  throughout.  A  curve  for  the 
radial  thrust  through  crank  could  be  plotted  out  in  the  same  way. 

In  the  early  days  of  the  steam  engine,  it  was  imagined  that  the  use  of  the 
crank  and  connecting- rod  involved  a  considerable  loss  of  the  work  developed 
on  the  piston.     The  fallacy  of  this  idea  may  now  be  made  clear. 

The  pressure  on  the  crank-pin  in  the  direction  of  rotation  is  =  P  sin  0 ; 
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therefore,  in  order  to  obtain  the  mean  tangential  pressure  during  a  half 


Sin 


revolution  of  the  crank,  we  have  only  to  find  the 
mean  value  of  sin  0,  and  multiply  it  by,  P,  the  total 
mean  pressure  on  the  piston. 

For  an  approximate  result  take  the  value  of  sin  $  at 
every  10  degrees  of  the  crank's  movement  and  divide 
the  total  by  18,  the  number  of  divisions  taken,  thus — 

.•.  P  x  ^^  =  Px  -6349  =  (mean  pressure). 

Hence,  if  L  =  length  of  stroke  =  2  r. 
The  work  done  on  the  crank  in  one  revolution 
as  Total  mean  pressure  x  distance  passed  through, 
as  P  x    6349  x  2  «rr,  - 

=  P  x  -6349  x  31416  x  L  =  19946  PL. 

Which  is  practically  the  same  thing  as  2  P  L.  But, 
the  work  done  on  the  piston  during  one  revolution 
is  also  equal  to  2  PL.  Consequently  the  employ- 
ment of  the  crank  and  connecting-rod  involves  no 
loss  of  power  if  we  neglect  the  power  absorbed  by  Total       11*428 

friction  due  to  bearing  surfaces,  Ac. 

Note.— No  suoh  oombluatlon  of  mechanism  a«  the  crank  and  connecting-rod  can  Involve 
a  loss  or  power  (neglecting  friction),  as  it  would  dj  coutrary  to  the  u  prluciple  of  the  con- 
servation of  energy.'* 

Diagram  of  Twisting  Moments— Taking  Account  of  Length 

Of  Connecting-Bod.— The  next  case  is  that  in  which  the  obliquity  of 
the  connecting-rod  is  taken  into  account,  ^t 

and  the  pressure  on  the  piston  is  supposed 
uniform.  In  this  case,  the  twisting  moment 
is  equal  to  Vie  total  pressure  on  the  piston, 
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multiplied  by  the  distance  from  the  centre 
of  the  crank  shaft  to  Vie  point  where  the 
centre  line  oftlue  connecting-rod  produced, 
cuts  Vie  line  drawn  through  the  centre  of 
the  crank  shaft  at  right  angles  to  the 
piston's  motion. 

Diagram  or  Twisting  Moments—Taking  Account  of  Length 

OV  CONNKCTING-ROD. 
Nor  to  Figurr.— The  pressure  along  connecting-rod  and  on  the  orosshead  guides  may 
be  found  graphically  for  any  position,  thus- 
Let  PO  =  P,  the  presHuro  on  piston  to  any  con 
the  direction  and  pressure  along 
t  (*,  the  direction  and  pressors  on  th< 


Then  PV  = 
AndOV  = 


connecting-rod  to  the  same  scale. 
)  lower  orosshead  guide  to  same  soalsw 


But  PV cos*  =  PO 
Or       Q  cos  0  =  P 

*       CO  J # 


.*.G  =  Ptan# 
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To  prove  this,  let  0  be  the  centre  of  the  crank  shaft,  and  0  P  the  centre 
line  of  the  engine,  passing  through,  0,  and  the  centre  of  the  cylinder.  Let 
O  C  be  the  position  of  the  crank,  and  P  C  the  length  of  the  connecting-rod. 
Produce  P  C  to  cut  the  vertical  through  O  in  the  point  V,  and  draw  0  E 
perpendicular  to  P  V.    Then  ^VEQ=^POV;  also^  P  VO  is  common: 

.\  ZVOE  =  i/OPV  =  ^,  the  inclination  of  the  connecting-rod  to 
centre  line  of  engine. 

p 

Now  the  twisting  moment  =  Q  x  OB  = -•  x  0  Vcosd  =  P  x  0  V. 

°  cos  0 

Knowing  this,  we  can  readily  construct  the  polar  curves.  Suppose  the 
crank  in  the  position,  0  C,  produce  the  centre  line  of  the  connecting-rod  to 
cut  the  line  O  V  in  V.  With  centre,  0,  and  radius,  0  V,  describe  the  arc, 
V {,  cutting  O C  in  t.  Then ,  tt  is  a  point  on  the  tangential  pressures  or  twisting 
moment's  curve,  and  the  twisting  moment  for  the  position,  O  C,  of  the  crank 
is  thus  PxOfc  A  similar  construction  for  all  the  other  positions  of  the 
crank  gives  all  the  other  points,  and  the  complete  curve  may  then  be 
described  by  joining  them.  We  see  that  the  curve  is  not  a  circle  as  in  the 
last  case,  but  differs  therefrom  in  a  marked  degree.  Now  plot  off  the 
twisting  moment  at  each  of  the  10  different  points  by  this  method  on 
the  rectangular  diagram  (page  157)  as  before,  and  we  get  the  dotted  line 
which  shows  the  new  diagram  of  twisting  moments.  It  will  be  noticed 
that  this  curve  rises  more  abruptly  during  the  first  quarter  of  a  revolution, 
and  falls  flatter  during  the  second  quarter  than  when  the  obliquity  of 
the  connecting-rod  is  neglected,  thus  indicating  a  greater  pressure  on  the 
crank  pin  during  the  first  half  of  the  stroke ;  also,  the  maximum  pressure  is 
reached  before  half  stroke. 

We  can  calculate  the  several  twisting  moments  in  this  case  without  the 
aid  of  a  scale  diagram,  thus — 

p 

The  pressure  Q  =» ,  also  the  angle  0  C  V  =  6  +  0, 

Since  OOP  +  OOV  =  2  right  angles,  andOOP  +  #  +  f  =  2  right  angles. 

. '.  tangential  pressure  on  crank  1       /    P    \  .  _  sin  {B  +  0) 

pin  =  T  =  Q-sin(*  +  *)    /  -  [^  )* ln  <#  +  *>  =  P      cos*     ' 

.  • .  the  twisting  moment  =  Pr  ,m  (*  +  »>. 

°  COS  0 

Where  r  sin  #  =  I  sin  # ;  r  being  crank  radios,  and  I  the  length  of  connecting-rod. 

It  is,  however,  more  tedious  to  work  out  the  results  by  this  formula  than 
by  the  previous  graphic  method. 

The  effect  of  shortening  the  connecting-rod  is  to  increase  the  effort  upon 
the  crank  pin  at  the  beginning  of  the  stroke,  and  to  decrease  it  towards 
the  end,  thus  causing  greater  irregularity  in  the  tangential  pressure  on  the 
crank,  and  greater  stress  on  the  crosshead  guides.  The  pressure  on  the 
latter  is  =  G  =  P*tan  *,  as  seen  from  the  last  figure  and  the  footnote 
below  it 

The  actual  state  of  things  which  takes  place  in  practice  is,  however,  not 
so  easily  represented,  for  the  pressure  on  the  piston  is  never  uniform,  but 
falls  away  from  the  point  of  cut-off.  In  order,  therefore,  to  construct  a 
truer  diagram  of  the  twisting  moments,  we  must  find  the  positions  of  the 
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^  to  the  various  positions  of  the  eraak  by  diagram 

[mark  these  off  on  the  indicator  diagram.  The  steam  pressure 
fertile  several  positions  of  the  crank  can  then  be  read  off,  and  their  valves 
inserted  for,  F,  in  the  equation  P  x  O  V  or  in  Pr  sin  (6  +  4>)  -*■  cos  e\  The 
cnrve  of  twisting  moments  on  the  crank  due  merely  to  steam 
the  piston  may  then  be  constructed,  as  shown  by  the  following  t9 
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cuftvb  or  twtbting  moments,  taking  aocovnt  of  the  variation  09 
the  Steam  Pressure  in  the  Cylinder,  and  with  a  Connecting^ 
Bod  of  known  Length. 


On  comparing  this  curve  with  the  other  two  (page  157),  it  will  be  seen 
that  between  the  points,  C  and  B,  it  falls  much  lower ;  this  is  due  to  the 
fall  of  steam  pressure  during  expansion.  The  rectangle,  AMKB,  is  of  the 
same  area  as  the  figure,  A  C  B,  and,  therefore,  A  M  represents  the  mean 
twisting  moment  due  to  steam  pressure  on  the  piston. 

When  the  engine  has  two  cylinders  having  their  pistons  working  on 
separate  cranks,  the  curve  of  total  twisting  moments  on  the  crank  shaft 
can  only  be  obtained  by  combining  the  curves  of  twisting  moments  for 
each  crank.  This  is  shown  in  the  following  figure,  which  represents 
the  combined  twisting  moments  on  the  crank  shaft  of  an  engine  with  two 
cranks  at  right  angles  to  each  other : — 


Curve  of  Combined  Twisting  Moments  for  two  Cranks  at 
Bight  Angles  to  each  other. 
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A  0  B  is  the  curve  of  twisting  moments  on  one  crank,  and 
AjOjB}  the  curve  of  twisting  moments  on  the  other  crank 
during  one-half  revolution,  the  remaining  curves  being  for  the 
other  half  revolution.  To  find  the  total  twisting  moment  at  any 
point,  a,  draw  the  vertical  line  a  d>  and  make  a  d  «  a  e  +  ab 
(i,e.$  the  sum  of  the  twisting  moments  on  each  crank).  By 
finding  a  number  of  points  in  this  way,  the  whole  curve  of  total 
twisting  moments  may  be  plotted  out. 

Effect  of  Inertia  of  Moving  Parts. — In  finding  the  twisting 
moments  by  these  methods,  we  have  neglected  a  most  important 
effect — viz.,  the  variation  of  effort  on  the  crank  shaft  due  to  the 
inertia  of  the  moving  parts.  Since  the  piston  is  brought  to  rest 
at  the  end  of  each  stroke,  the  inertia  of  the  piston,  piston-rod, 
crosshead,  and  connecting-rod,  has  to  be  overcome  at  the  beginning 
of  each  stroke,  in  order  to  start  the  motion,  and  a  portion  of  the 
energy  of  the  steam  is  absorbed  in  doing  this;  therefore,  the 
actual  effort  on  the  crank  in  the  first  half  of  the  stroke  is  less 
than  that  given  by  the  curves.  The  energy  which  is  imparted 
to  the  moving  parts  is,  however,  given  out  on  the  crank  during 
the  latter  part  of  the  stroke,  when  these  moving  parts  are  being 
brought  to  rest ;  therefore,  the  effort  on  the  crank  during  the 
second  half  of  the  stroke  is  greater  than  that  shown  by  tke  curves. 
On  the  principle  of  the  conservation  of  energy  this  alternate 
acceleration  and  retardation  can  neither  add  to,  nor  subtract 
from,  the  total  power  developed  during  the  stroke.  In  ordinary 
cases,  therefore,  the  inertia  of  the  moving  parts  acts  as  a  fly-wheel 
would  do,  and  tends  to  equalise  the  effort  on  the  crank.  The 
effect,  however,  at  different  parts  of  the  stroke  is  very  interesting 
and  instructive,  especially  when  high-initial  pressure  and  a  large 
range  of  expansion  are  adopted,  combined  with  heavy  and  quickly- 
moving  parts.  Allowance  may  be  made  for  this  inertia,  if  the 
weight  of  the  moving  parts  and  their  velocity  are  known.  We 
can  make  an  alteration  on  the  indicator  diagram,  reducing  the 
effective  pressure  at  the  beginning  of  the  stroke  and  increasing 
it  at  the  end.  The  steam  and  the  inertia  stresses  can,  however, 
be  combined,  only  so  far  as  some  of  the  effects  are  concerned. 
They  are  combined,  of  course,  in  their  pressure  on  the  crank  pin, 
Ac.,  but  since  the  dynamical  stresses  are  not  taken  up  altogether 
by  the  engine  framing,  provision  must  be  made  for  transmitting 
them  to  the  engine  foundation.  These  dynamical  stresses,  intro- 
duced by  arresting  the  momentum  of  the  moving  parts,  produce 
a  much  more  serious  effect  in  fast-running  engines  than  is 
usually  supposed. 
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Eject  of  Inertia  on  Moving  Parts  of  a  Horizontal  Engine  with  Connecting- 
Rod  of  Infinite  Length. 

The  student  should  now  try  to  follow  the  following  investigations  and 
practical  examples. 

All  reference  to  trigonometry,  co-ordinate  geometry,  aod  the  differential 
calculus  has  been  dispensed  with  ;  and  any  student  with  a  knowledge  of 
elementary  geometry  and  mechanics  will,  by  carefully  following  the  argu- 
ment, grasp  this  subject  sufficiently  for  all  practical  purposes. 

It  may  be  well  to  state  that  we  shall  not  take  into  account  all  the 
effects  resulting  from  the  conversion  of  reciprocating  into  circular  motion 
by  means  of  a  crank  and  connecting-rod,  but  only  those  effects  which 
directly  influence  the  propelling  force  on  the  piston  of  the  engine,*  and 
unless  otherwise  stated,  we  shall  suppose  the  engine  to  be  horizontal. 
The  first  case  is  that  in  which  the  motion  of  the  piston  is  the  same  as 
if  the  engine  worked  with  a  connecting-rod 
of  infinite  length,  such  as,  for  example,  in 
the  common  donkey  engine  arrangement 
where  the  crank -pin  works  in  a  slotted  cross- 
head  at  right  angles  to  the  direction  of  the 
piston's  motion. 

In  the  figure,  let  0,  be  the  centre  of  the 
crank  shaft,  OC,  the  crank,  and,  AB,  the 
centre  lino  of  a  horizontal  engine  of  stroke, 
AB. 

From  any  position  of  the  crank -pin,  C, 
draw  the  ordinate,  CD,  at  right  angles  to 
AB. 

Then  when  the  crank-pin  is  at,   G,  the 
piston  has  evidently  moved  a  distance,  A  D, 
and  the  speed  of  the  piston  is  always  that  of  the  point,  D. 

When  a  point,  such  as  D,  moves  on  a  diameter  so  as  to  always  be  at 
the  foot  of  the  ordinate  drawn  through  a  unifonnly  revolving  point  as,  C, 
D,  is  said  to  move  harmonically  with,  C. 

We  have  to  find  what  force  must  act  on  the  piston  at  each  moment  to 
make  it  move  thus  harmonically. 

Now  a  heavy  point,  C,  moving  uniformly  in  a  circle,  may  be  supposed 
to  have  its  motion  compounded  of  a  harmonic  motion  in  the  direction, 
A  B,  and  a  harmonic  motion  in  the  direction,  E  F,  at  right  angles  to,  A  B. 
Each  of  the  forces  producing  these  motions  taking  effect  in  its  own  direction, 
irrespective  of  forces  and  motions  at  right  angles  to  it. 

That  is,  if,  D,  be  a  point  of  equal  weight  with,  C,  the  force  moving,  C, 
horizontally  at  any  moment  is  the  same  as  that  moving,  D,  because  the 
horizontal  velocity  of,  C,  is  always  equal  to  that  of,  D.  The  force  acting 
vertically  on,  C,  at  any  moment  makes  no  difference  horizontally. 

But  the  resultant  of  the  vertical  and  horizontal  forces  on,  C,  is  the  force 
which  compels  it  to  move  in  a  circle,  that  is,  it  is  equal  and  opposite  to 
what  is  commonly  termed  the  centrifugal  force  of,  C. 

*  See  Paper  by  the  late  Prof.  Fleeming  Jenkin,  published  In  the  Transactions  of  the  Royal 
Society  of  Edtnburqh,  vol.  xxrill.  (1879),  p.  70*,  in  which  will  be  found  a  rigorous  analysis  of 
the  forces  in  a  reciprocating  steam  engine  of  practical  proportions,  accompanied  by  curves 
of  crank-pin  effort. 
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Therefore  the  force  on  the  piston  making  it  move  harmonically  on,  A  B, 
is  the  horizontal  component  of  the  centrifugal  force  the  pvtton  would  exert 
\f  its  weight  were  concentrated  at  the  centre  of  the  crank-pin  and  revolved 
with  it. 

If,  CO,  represents  this  centrifugal  force,  then,  DO,  represents  the 
accelerating  force  when  the  piston  is  at,  D. 

At  the  beginning  of  the  stroke,  D  O  =  A  0.  .  *.  Erect  the  perpendicular, 
A  M  =  A  0,  to  represent  the  accelerating  force  when  the  piston  is  at,  A. 

At  half  stroke,  DO  =  zero. 

At  any  intermediate  point,  the  ordinate,  D  P,  intersected  by  the  straight 
line,  M  0,  equals,  DO,  the  accelerating  force  for  the  position,  D. 

From  half-stroke  to  the  end,  the  acceleration  is  negative,  and  the 
ordinates  must  be  measured  below  the  line  of  abscissae.  The  triangle 
O  B  N,  equal  to,  0  A  M,  represents  the  retarding  forces. 

The  algebraic  sum  of  the  two  triangles,  on  the  principle  of  the  con* 
servation  of  energy  is  zero,  because  the  mass  starts  from  rest  and  comes 
to  rest  again.  So  the  inertia  merely  affects  the  distribution  of  power 
during  the  stroke,  not  its  amount. 

We  see  that  the  accelerating  force  is  greatest  at  the  ends  of  the  stroke 
-where  the  motion  is  slowest,  and  is  ml  at  half  stroke  where  the  motion 
of  the  piston  is  fastest.  It  is  not  the  velocity,  but  the  rate  of  change  of 
velocity  which  demands  the  accelerating  force. 

We  have  to  find  the  numerical  value  of  the  centrifugal  force. 

This  is  given  in  all  elementary  treatises  on  mechanics  as— 

mV 
r    ' 

Where,  V,  is  velocity  in  feet  per  second,  r,  is  radius  of  circle  in  feet, 
and,  m,  mass  in  units  of  mass. 

Engineers  do  not  use  this  notation,  for  they  speak  of  so  many  revolutions 
per  minute  in  a  circle  of  so  many  feet  radius,  and  they  measure  mass  by 
weight. 

W     W 

Som=  —  =  b-0 ;  W  being  in  lbs.,  and  g  the  acceleration  of  gravity. 

g       iiz  "  i 

Let  n  =  number  of  revolutions  per  minute. 


Tbm'  T  -=32r'(-60-J 


„     =  000341  Wrn* 

This  is  a  well-known  formula  for  the  centrifugal  force  of  a  body. 

We  are  now  in  a  position  to  correct  the  indicator  diagram  for  any  engine, 
and  to  say  how  much  less  the  pressure  on  the  crank-pin  is,  than  that  on 
the  piston  at  the  beginning,  and  how  much  greater  at  the  end  of  the 
stroke. 

Example.  —The  stroke  of  an  engine  with  a  slotted  crosshead  is  4  feet, 
the  diameter  of  the  cylinder  is  20  inches.  The  effective  pressure  is  40  lbs. 
at  the  beginning  and  20  lbs.  at  the  end  of  the  stroke,  the  weight  of  the 
reciprocating  mass  is  1,256  lbs.  What  are  the  pressures  on  the  crank-pin 
at  the  beginning  and  end  of  the  stroke,  at  50  revolutions  per  minute? 

Area  of  a  cylinder  20  inches  diameter  =  314  square  inches. 
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Accelerating  force  at  ends  of  stroke  from  the  previous  formula, 
'000341  Wrn*  =  '000341  x  1,256  x  2  x  2,500  =  2,141  lbs. 

Pressure  on  piston  at  beginning  of  stroke  =  314  x  40  —  12,560  lbs. 

Pressure  on  crank-pin  at  beginning  of  stroke  12,560-  2,141  =10,419  lbs. 

Pressure  on  piston  at  end  of  stroke  =  314  x  20  =  6,280  lbs. 

Pressure  on  crank-pin  at  end  of  stroke  =  6,280  +  2,141  =  8,421  lbs. 

The  pressure  on  the  crank-pin  is  thus  much  more  equable  than  would 
be  the  case  if  the  parts  were  not  possessed  of  inertia. 

Suppose  it  is  required  to  make  the  pressure  at  the  beginning  exactly 
equal  to  that  at  tne  end  of  the  stroke,  the  weight  of  the  parts  being 
unaltered,  but  the  speed  changed.  What  number  of  revolutions  will 
make  the  accelerating  force  at  beginning  and  end  of  stroke,  equal  to  half 
the  difference  of  the  greatest  and  least  pressures  on  the  piston  ? 

Greatest  pressure,  =     12,560  lbs. 

Least, =      6,260  lbs. 

Half  difference,  .        .         =       3,140  lbs. 

Let,  a;,  be  the  number  of  revolutions  required. 

Then,  '000341  x  1,256  x  2  x  x-  =  3,140,  whence  x  =  60  revs,  nearly. 

Suppose  we  are  restricted  to  50  revolutions,  but  may  vary  the  weight 
of  the  reciprocating  parts  to  obtain  the  same  result. 
Let,  W,  be  the  weight  required. 

Then,  -000341  x  W  x  2  x  2,500  =  3,140,  .\  W  =  1,840  lbs. 
Indicator  Diagrams  as  Modified  by  Inertia.— To  find  the  pressure 

as  modified  by  the  inertia  for  any  point  of  the  stroke,  take,  A  6  C  D  E, 
as  the  indicator  diagram  of  an  engine. 


Theoretical  Indicator  Diagram  Converted  into  a  Stress  Diagram 
on  Crank-pin  with  Connecting-rod  of  Infinite  Length. 
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ThseYtothe-Bame  scale  to  which,  AE,  represents  initial  steam  ; 
%  a**a*of  piston*  draw*  BM  and  DN^  to  repsosons  accelerating  "ferae- 1 
ends  of  stroke.    Join  M  and  N  by  the  straight  line  M  0  N. 

Then,  M  E  0  D  N,  is  the  inertia  diagram,  and,  M  0  N,  thus  beoomes  the 
virtual  base  of  the  figure,  from  which  pressures  are  to  b»  measured  instead 
of  E  D.  With  these  heights  measured,  from  a  horizontal  base  line  the 
indicator  diagram  takes  the  following  form : — 


ff ft 

Previous  Indicator  Diagram  Corrected  for  Inertia. 

Suppose  by  increasing  the  speed  of  the  engine  or  the  weight  of  the 
reciprocating  parts,  the  ordinate,  E  M,  becomes  equal  to,  A  E,  that  is, 
the  accelerating  force  is  equal  to  the  whole  pressure  of  the  steam  on  the 
piston :  then  there  is  no  pressure  on  the  crank-pin  when  the  engine  is  on 
the  centre,  and  as  the  piston  advances  the  pressure  will  gradually  increase, 
and  become  excessive  towards  the  end,  even  with  such  a  comparatively 
early  cutoff  as  shown  on  the  diagram  in  question.  The  corrected  card  ia 
as  follow*;— 


Previous  Indicator  Diagram  Corrected  for  Increased  Inertia. 

With  very  high  speeds  or  heavy  pacta  the  ordinate,  EM,  may  be 
greater  than,  E  A.  The  piston  will  then  at  the  beginning  of  the  stroke 
lag  behind  the  cranky  and  be  dragged  until  the  acceleration  ordinate  and 
steam  ordinate  become  equaL  Indeed,  with  an  early  cut-off  the-  piston 
may  drag  again  at  a  later  period  of  the  stroke,  aa  shown  in  the  next 
figure. 
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Here  the  inertia  line,  MON,  cuts  the  steam  line  at,  K,  L*  and  B, 
From,  M  to  K,  the  pressure  is  negative,  and  power  represented  by  area, 


Diagram  showing  Pour  Shocks  in  One  Stroke  of  Piston. 

M  A  K,  must  be  spent  on  the  piston.  From,  K  to  L,  the  piston  urges  the 
engine,  doing  work  on  the  crank  equal  to,  K  B  L.  From,  L  to  R,  the  piston 
again  drags  and  absorbs  work  equal  to  the  loop,  L  R ;  and  thereafter  the 
piston  drives  the  engine.     The  corrected  diagram  is  as  follows : — 

O 


Corrected  Diagram  for  Four  Shocks  in  One  Stroke. 


It  is  needless  to  say  that  such  a  condition  is  not  desirable  in  practice. 
We  now  pass  on  to  the  more  usual  case  of  engines  working  with  a 
connecting-rod  of  finite  length. 
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Connecting-rod  of  Finite  Lengrth.-Let,  PC,  be  the  connecting. 

rod  and,  C  O,  the  crank. 

Then  at  the  commencement  of  the  out-gtroke  from,  A  to  B,  the  motion 
of  the  piston  is  more  rapid  than  in  the  pure  harmonic  motion,  the  travel 
being  for  a  certain  position  of  crank-pin,  A  D2,  instead  of,  A  Dx.     At  the 


Motions  op  Piston  with  a  Connecting-rod  op  Finite  Length. 

beginning  of  the  return  stroke  from,  B  to  A,  the  speed  is  less  than  for 
harmonic  motion,  the  travel  corresponding  to  the  position  of  crank-pin 
shown  being,  BTS,  instead  of,  BTj. 

It  is  plain  that  the  mere  raising  or  lowering  the  big  end  of  the 
connecting-rod  in  a  vertical  line,  will  make,  P,  approach,  O,  with  a  certain 
acceleration.  And  the  force  necessary  for  this,  must  be  added  to  that 
required  for  true  harmonic  motion  when  the  engine  is  on  the  'near '  centre, 
A,  and  subtracted  for  the  '  far'  centre,  B. 

Mow,  what  is  this  accelerating  force? 


Accelerating  Force  at  Inner  Dead  Centre  due  to  a 
Connecting-rod  op  Finite  Length. 

In  the  above  tig.,  PA,  is  the  connecting-rod  as  before.  We  suppose 
the  end,  A,  to  ascend  the  vertical  line,  AA};  then,  P,  will  be  drawn  to, 
Pi,  and,  Pi  Ai,  is  a  position  of  the  connecting-rod. 
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With  centre,  A,  describe  the  arc,  PG.  Now  we  axe  onto  concerned 
with  the  velocity  of,  A,  a/  *A«  moment  it  leaves  the  lint,  PO:  whet  its 
velocity  ie  afterwards  cannot  eject  the  acceleration  of,  P,  at  that  moment. 

Appose,  therefore,  the  point.  A,  to  ascend,  A  Ai,  harmonically  with  the 
paint,  G,  removing  uniformly  in  the  circle,  PG,  with  the  velocity  of  the 
crank-pin.  Then,  obviously,  Pi,  moves  also  harmonically  with,  G,  on 
line,  PO. 

Therefore,  when  the  big  end  of  the  connecting-rod  leaves  the  centre  line, 
PO,  with  the  said  velocity,  the  accelerating  force  on,  P,  is  the  centri- 
fugal force  it  would  have  when  moving  in  a  circle  with  radius  equal  to 
the  connecting-rod,  with  the  velocity  of  the  crank-pin. 

But  with  a  given  linear  velocity,  the  centrifugal  force  is  inversely  as 
the  radius :  therefore,  if  the  connecting-rod  is,  n,  times  the  length  of  the 

crank,  the  accelerating  force  due  to  the  connecting-rod  will  be,  -th,  that 

due  to  the  crank,  and  the  net  accelerating  force  when  the  engine  is  on  the 

near  centre  will  be,  1  +  -,  and  when  on  the  far  centre,  1  -  -,  times  that  of 

an  engine  withpure  harmonic  motion. 

Example. — The  reciprocating  parts  of  an  engine  weigh  one  ton.  The 
stroke  is  3  feet  6  inches,  and  the  revolutions  80  per  minute.    The  con- 


i.  Instantaneous  Axis. 


Position  or  Instantaneous  Axis  of  Connbotonq-rod,  &o. 


necting-red  is  7  feet  long.    What  ia  the  accelerating  force  on  the  neat 
and  far  centres? 
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Here  n  s>  4. 
•000341  Wrn2. 


Therefore  the  accelerating  force  on  near,  centre  will 


=  -0Q0W1  x  2,240  x  175 


x  6,400  xj  =  10,700  lbs. 


And  on  far  centre  10,700  x  -  =6,420  lbs. 

It  is  evident  that  the  accelerating  forces,  when  the  engine  is  on  the 
"dead  points,"  are  by  far  the  most  important ;  first,  because  they  are 
there  greatest,  and  secondly,  because  the  motion  of  the  piston  changes 
its  direction  there. 

We  may,  however,  investigate  one  other  point  in  the  inertia  diagram, 
viz; :— that  at  which  the  acceleration  is  ntf,  or  the  point  where  the  line 
corresponding  to,  MON,  in  the  figures  for  an  infinite  connecting-rod, 
cuts  the  base  line.     (See  fig.  on  p.  168). 

Obviously  the  acceleration  is  nil  when  the  speed  of  the  piston  is  greatest. 

Let,  Pi  C,  be  any  position  of  the  connecting-rod.  Produce,  Pi  C,  to  cut 
OE,  in,  G.  Draw,  Pi  H,  at  right  angles  to,  PO,  and  produce,  OC,  to 
cut,  PiH,  in,  H.     (See  fig.  on  p.  168). 

The  connecting-rod  at  any  moment  is  moving  about  an  instantaneous 
axis:  apd  every  point  in  it  is,  of  course,  moving  at  right  angles  to  the 
line  joining  it  to  this  axis.  The  axis  is,  therefore,  somewhere  in  the  line, 
Pi  H,  and  also  somewhere  in  the  line,  0  C  H,  for,  C,  is  moving  at  right 
ancles  to,  O  C. 

Therefore,  H,  is  the  instantaneous  axis,  and  the  velocities  of,  Pi  and  C, 
are  in  the  ratio,  HPj  to  HC.  That  is,  by  similar  triangles,  the  ratio, 
O  G  to  O  C.     O  G,  therefore  represents  the  velocity  of  the  piston. 

By  drawing  the  length  of  the  connecting-rod  on  a  piece  of  tracing  paper 
and  applying  it  to  the  diagram,  keeping,  Pi,  in  the  line,  PO,  and,  C,  in 
the  circumference,  a  position  of,  Pi,  can  be  found  for  which,  OG,  is  a 
maximum.  To  find  this  position  of,  P,  by  calculation  requires  the  use 
of  the  higher  mathematics,  which  is  purposely  avoided  here. 

Take  the  indicator  diagram  of  an  engine  as,  A  B  C  D  E. 


Theoretical  Indicator  Dia- 
gram    CONVERTED    INTO    A 

Stress  Diagram  on  Crank- 
pin  with  a  Connecting-rod 
of  Finite  Length. 


Suppose  the  connecting-rod  is  4  cranks  long,  a  very  common  proportion. 
Find,  by  trial*  with  a  piece  of  tracing  paper,  as  above,  the  position,  O, 
of  the  piston  when  its  velocity  is  greatest*    With  this  proportion  of 
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connecting-rod,  0,  will  be  found  at  a  distance,  OOi,  from  mid-stroke  a 
little  more  than  ^  of  the  half  stroke,  Oi  E.  Mark  off  to  the  proper  scale, 
EM  =  lj  times  the  centrifugal  force  of  a  weight  e<jual  to  that  oi  recipro- 
cating parts  revolving  with  the  crank-pin,  ana,  DN  =  j  of  that  force. 

(If  the  counecting-rod  were  5  cranks  long  these  amounts  would  be 
respectively  1  i  and  £  of  the  force). 

Draw  a  fair  curve  through,  M  0  N,  bearing  in  mind  that  the  triangles, 
MOE,  ODN,  must  be  equal  in  area,  representing  as  they  do  the  same, 
visvira.  1  hough  not  mathematically  exact,  this"  line,  MON,  will  very 
approximately  represent  the  inertia  diagram:  and  the  pressures  on  the 
crank-pin  are  measured  by  vertical  lengths,  intercepted  between,  ABC 
and  MO N.  Placed  < n  a  horizontal  base,  the  amended  diagram  becomes 
the  following  figure. 


Corrected  Fioure  for  the  Previous  Diagram. 


It  will  be  seen  that  a  considerable  error  in  the  line,  MON,  will  not 
greatly  affect  the  shape  of  the  figure,  provided  the  points,  M  and  N,  are 
accurately  determined  by  the  method  given  above.  The  point,  O,  has 
been  referred  to,  not  because  it  is  important,  but  in  order  to  show  the 
student  that  it  is  unimportant. 

Wo  have  hitherto  supposed  all  the  reciprocating  weights  as  having  the 
same  motion  as  the  piston,  and  as  being  concentrated  at,  P  or  P],  the 
centre  of  the  crosshcad.  This  supposition  introduces  no  error  into  the 
estimation  of  accelerating  forces  caused  by  the  motion  of  the  crank 
alone :  but  in  the  case  of  the  connecting-rod  it  will  be  seen  that  the 
motion  of  its  centre  of  gravity  caused  by  moving  the  "big  end"  off  the 
centre  line  (see  lower  fig.  on  p.  167).  is  not  the  motion  of,  Pj,  towards, 
A,  but  one-half  that  amount,  supposing  the  centre  of  gravity  to  be  at  the 
middle  of  the  rod.  Therefore,  strictly,  if,  W,  be  the  weight  of  all  purely 
reciprocating  parts,  such  as  piston,  piston-rod,  nnd  crosshead,  and,  w, 
the  weight  of  the  connecting-rod,  the  accelerating  force  on  the  centre 
instead  of  being  • 

•000341  (W  +  w)rn*(l  +-1) 


M» 


•000341  W  rn2  (1  ±  -)  +  '000341  wrn*  (1  ±-J-  ). 
»  2  it 


If  instead  of  being  horizontal  the  engine  be  vertical,  the  effect  of 
inertia  is  just  the  same,  but  the  pressure  on  the  crank -pin  will  be  further 
affected  by  the  weight  of  the  reciprocating  parts,  which  must  be  added 
at  every  point  of  the  down  stroke,  and  subtracted  for  the  up  stroke. 

In  the  case  of  a  diagonal  engine,  the  vertical  component  of  the  weight 
must  be  so  added  or  subtracted. 
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Crank  Effort  Diagrams.— We  shall  now  explain,  by  aid  of  the 
following  figure,  how  to  construct  a  crank  effort  diagram,  when  the 
obliquity  of  the  connecting-rod  and  the  varying  pressures  on  the  piston  are 
taken  into  account.* 


Sadej£-m. 
Crank  Effort  Curves  of  "The  Thomas  Russell  Engine.* 


*  The  front  and  back  indicator  diagrams  (from  which  the  above  crank  effort  curre  has 
been  drawn)  were  taken  from  "  The  Thomas  Russell  Experimental  Steam  Engine  "  in  the 
author's  laboratory.  The  diameter  of  the  cylinder  =  6  ins. ;  length  of  stroke  =  12  ins. ; 
length  of  connecting-rod  =  86  ins. ;  revolutions  per  minute  =  160. 
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(1)  Transfer  the  indicator  diagrams  from  the  cards  to  a  sheet  of  paper, 
taking  care  to  make  them  at  least  4  inches  in  length  for  clearness. 

(2)  Some  distance  below  the  redrawn  diagrams  pnt  down  a  fine,  A  B, 
parallel  to  the  atmospheric  line  and  equal  in  length  to  the  diagrams. 

(3)  Upon  A  B,  as  a  diameter,  draw  the  crank-pin  circle  and  divide  the 
same  into  any  convenient  number  of  equal  parts. 

(4)  Project  each  of  these  points  of  division  vertically  upwards,  so  as  to 
cut  the  indicator  diagrams. 

(5)  For  the  first  point  to  be  considered  on  the  crank-pin  circle,  take  that 
which  is  vertically  over  the  centre  of  the  crank.  Measure  the  pressure  on 
the  piston  (from  the  indicator  diagram)  corresponding  to  this  point  and 
plot  it  along  the  centre  line  of  the  connecting-rod  as  produced  through  this 
point. 

(6)  Resolve  this  pressure  (as  plotted  along  the  centre  line  of  the  con- 
necting-rod) into  two  forces  at  right  angles  to  each  other — viz.,  one  along 
the  crank  centre  line  and  the  other  at  right  angles  to  it — i.e.,  tangentially 
to  the  crank- pin  circle. 

(7)  "Do  precisely  the  same  for  each  of  the  other  positions  into  which  the 
crank-pin  circle  is  divided. 

(8)  Produce  the  several  centre  lines  of  the  crank  for  each  of  these 
positions  and  plot  off  on  each  centre  line,  from  the  crank-pin  circle,  the 
corresponding  tangential  pressure  to  the  same  scale  as  the  indicated 
diagrams.     By  joining  these  points  the  crank  effort  diagram  is  obtained. 

(9)  To  Find  the  Mean  Tangential  Pressure  Line  — 

Let  P«  =  Mean  pressure  on  piston  (from  indicator  diagrams). 
„       r  =  Radius  of  crank. 
„     Pt  =  Mean  tangential  pressure  on  crank-pin. 

Then  P«  x  2r  =  P«  x  wr 

p    _  ?!?_x  2_T  _  2Ji5  -   P"L 

(10)  In  drawing  the  "crank  effort  curves"  for  compound,  triple,  or 
quadruple  expansion  engines,  the  several  indicator  diagrams  have  to  be 
reduced  to  one  scale,  as  explained  in  Lecture  XV.  Ihen,  the  several 
steam  pressures  (for  the  several  positions  assumed  on  the  crank-pin  circle), 
in  the  case  of  the  intermediate  and  low-pressure  cylinders,  must  be  multiplied 
by  the  ratios  of  the  areas  of  those  cylinders  with  respect  to  the  area  of  the 
high-pressure  cylinder  before  resolving  their  respective  piston  pressures 
along  the  centre  lines  of  the  several  positions  occupied  by  tneir  connecting- 
rods.  We  have  been  fortunate  in  securing,  for  a  practical  example  with 
which  to  illustrate  this  case,  copies  of  the  indicator  diagrams  taken  on  the 
trial  trip  of  a  steamer  recently  built  by  one  of  the  best  Clyde  firms.  There 
was  nothing  abnormal  about  the  diagrams ;  consequently  we  need  not 
reproduce  them  on  the  combined  diagrams  to  one  scale,  from  which  we 
obtained  the  following  set  of  " crank  effort  curves."  The  "total  crank 
effort  curve  "  is  obtained  by  summing  up  the  pressures  on  the  three-crank 
effort  curves  along  the  respective  radial  ordinates  to  the  tangential  pres- 
sures on  the  crank-pin  circle.  The  '*  mean  crank  effort  curve  'Ms  found,  as 
explained  under  (9).  The  chief  data  connected  with  this  case  is  given 
immediately  below  the  figure. 
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Crank  Effort  Diagram  of  a  Triple  Expansion  Engine. 


Ratio  of  expansion,  10*4 

Length  of  connecting-rod  =  9  feet.    Stroke  =  4*5  feet. 

Mean  efficiency  of  steam,  or  ratio  of  area  of  work  in  cylinder  to  full 
theoretical  diagram,  55  per  cent. 

H.P. 
Cylinder's  diameter,  28" 

Area, 615  8 

Ratio, 1 

Mean  pressures,  lbs.  per  so.  in.,     .     67 '6 
Range  of  temperatures,  Fan.,  .     64*3° 

Steam,  164  lbs. ;  Vacuum,  26}  ins. ;  Receivers,  52  and  5  lbs. ; 
Revolutions,  62}  per  minute. 


IP. 
46" 
1661*9 
280 
28*2 
749° 


L.P. 

77" 

4656-6 
7  56 
97 

80-6° 


Cut-off  H.P.  =  33*  ins. 
„        LP.  =       „ 
„       L.P.  =       „ 


LHP.  =  710L.P. 
„  =799  I.  P. 
„      =764  H.P. 


2273  total  I.  H.  P. 
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Lecture  XVII. —Questions. 

1.  In  a  double-acting  engine  the  mean  pressure  on  the  piston  is  4  tons 
and  the  length  of  the  stroke  18  inches,  what  is  the  mean  pressure  which 
can  be  taken  from  the  rim  of  the  fly-wheel,  the  estimated  diameter  of 
which  is  8  feet?    Aw.  1069  lbs.  (about). 

2.  The  crank  of  a  steam  engine  is  2  feet  long,  and  the  mean  tangential 
force  acting  upon  it  is  17,000  lbs.,  what  is  the  mean  pressure  of  the  steam 
upon  the  piston  of  the  engine  during  each  stroke  ?    Ans.  26703  "6  lbs. 

3.  In  a  direct-acting  engine  the  diameter  of  the  cylinder  is  17  inches,  and 
the  mean  pressure  of  the  steam  60  lbs.,  the  crank  being  12  inches  long,  what 
is  the  mean  pressure  on  crank  in  the  direction  of  its  motion  lAns.  8,670  lbs. 

4.  Explain  the  manner  in  which  the  reciprocating  motion  of  the  piston 
in  a  locomotive  engine  is  converted  into  the  rotatory  motion  of  the  crank 
shaft.  What  are  the  dead  points  ?  Show  by  the  principle  of  work  that 
there  is  no  loss  of  power  by  the  intervention  of  the  crank,  friction  being 
disregarded. 

5.  Explain  the  method  of  representing  in  a  diagram,  the  work  done 
during  one  revolution  of  the  crank  of  an  engine  by  setting  off  ordinates 
representing  the  tangential  efforts  on  the  crank  pin. 

6.  In  a  direct-acting  engine  the  crank  and  connecting-rod  are  as  1  to  6. 
Find  an  expression  for  the  tangential  pressure  on  the  crank  pin  in  any 
position.  Construct  an  approximate  diagram  of  work  done  upon  the  crank 
during  the  stroke,  and  give  a  sketch  of  the  same,  (1)  when  there  is  a  single 
cylinder,  and  (2)  when  there  are  two  cylinders  working  cranks  at  right 
ingles. 

7.  In  a  horizontal  direct-acting  engine  you  are  required  to  find  an 
expression  for  the  tangential  force  upon  the  crank  pin  in  any  given  position 
of  the  crank.  Example— The  lengths  of  the  crank  and  connecting-rod  being 
1  and  6  respectively,  and  the  pressure  on  the  steam  piston  being  2,000  lbs., 
estimate  the  tangential  force  on  the  crank  when  in  a  vertical  position. 
Find  also  the  vertical  force  acting  upon  the  crank  shaft  Ans.  2,000  lbs. ; 
338  lbs. 

8.  In  s  direct-acting  horizontal  engine  the  length  of  the  crank  1  foot 
and  that  of  the  connecting-rod  is  5  feet.  When  the  crank  is  vertical  the 
pressure  of  the  steam  on  the  piston  is  4,000  lbs. ;  find  the  thrust  along;  the 
connecting-rod,  and  the  pressure  on  the  guide  bars  at  that  point  of  the 
stroke.     Ans.  4,000  lbs. ;  816*5  lbs. 

9.  If  the  cylinder  of  a  locomotive  be  20  inches  in  diameter  with  a  stroke 
of  2  feet,  and  the  diameter  of  the  driving  wheel  be  6  feet,  find  the  tractive 
force  exerted  by  the  engine  for  each  pound  of  pressure  per  square  inch  on 
the  piston.     Ans.  66*6  lbs. 

10.  Explain  the  effects  of  the  inertia  of  the  reciprocating  parts  in  a 
reciprocating  engine,  and  taking  a  particular  case,  work  out  a  crank -pin 
stress  diagram. 

11.  Draw  an  indicator  diagram  of  a  corliss  (or  some  engine  with  instan- 
taneous cut-off),  in  which  the  cut-off  took  place  at  J  stroke.  From  this 
construct  a  diagram  of  crank  effort  (1)  for  a  siDgle  cylinder  engine,  (2)  for 
double  cylinder  engine  with  cranks  at  right  aujrle*. 

12.  In  a  direct-acting  engine,  find  the  ratio  of  the  velocity  of  the  crank- 
pin  to  that  of  the  piston  in  any  given  position  of  the  crank. 
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13.  The  orank  of  an  engine  has  a  radius  of  18  inches,  the  connecting-rod 
la  6  feet  long,  and  the  number  of  revolutions  made  by  the  engine  is  80  per 
minute.  Find  graphically  or  otherwise  the  velocity  of  the  piston  in  feet  per 
second  when  the  crank  has  passed  through  an  angle  of  30°  from  the  dead 
centre  during  the  forward  stroke.  {Adv.  S.  and  A.  Exam.,  1887.)  Arts. 
7 '66  feet  per  second. 

14.  In  a  direct-acting  horizontal  engine,  where  the  connecting-rod  works 
between  guides,  the  connecting-rod  is  five  times  as  long  as  the  crank,  the 
pressure  on  the  piston  when  the  crank  is  vertical  being  1,250  lbs.;  find  the 
thrust  on  the  slide  bar,  neglecting  friction,  and  indicate  the  direction  in 
which  it  acts.  Does  the  direction  of  the  thrust  change  during  any  part  of 
the  revolution  ?    (Adv.  8.  and  A.  Exam.,  1888.)    Ana.  255  lbs. 

15.  In  a  direct-acting  engine  the  crank  is  2  feet  in  length,  and  the  con- 
necting-rod is  8  feet ;  find  the  distance  in  inches  of  the  piston  from  the 
middle  point  of  its  stroke,  when  the  crank  is  at  90°  from  a  dead  centre. 
(Adv.  S.  and  A,  Exam.  1889.)  Answer  this  by  calculation  as  well  as 
graphically.     Ana.  3*05  inches. 

16.  A  steam  engine  with  •  cylinder  of  d  inches  in  diameter,  receives 
steam  at  80  lbs.  absolute  pressure  per  square  inch,  and  the  cut-off  is  at } 
of  the  stroke.  Find  an  expression  for  the  diameter  of  the  cylinder  of  anotier 
engine  with  the  same  stroke  and  piston  speed  which  develops  the  same 
horse-power  as  the  first  engine,  but  which  cuts  off  the  steam  at  4  stroke. 
What  would  be  the  relative  maximum  stresses  on  the  crank  pin  and  orank 
shaft  of  the  two  engines  when  both  transmit  the  same  power,  the  inertia  of 
the  reciprocating  parts  and  the  obliquity  of  the  connecting-rod  being 
neglected?    (Hona.  S.  and  A.  Exam,,  1889.) 


16 
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■Cohtents.—  Stationary  Land  Engines— Horizontal  Non-condensing  Steam 
Engine— Horizontal  Condensing  Steam  Engine— Compound  Non-con- 
densing Steam  Engine  with  Locomotive  Boiler. 

Having  discussed  in  the  previous  seventeen  lectures,  the  early 
history  of  the  steam  engine  up  to  the  beginning  of  this  century, 
the  nature  of  heat  and  how  it  is  measured,  the  generation  of 
steam,  as  well  as  its  action  and  distribution  in  non-condensing, 
condensing,  compound,  and  multiple  expansion  engines,  we  now 
enter  upon  the  description  of  a  few  selected  examples  of  steam 
engines  and  boilers  of  recent  manufacture,  which  have  been 
proved  to  be  of  excellent  design  and  workmanship. 

Within  the  last  eighty  years  there  has  been,  and  there  is  at 
present  in  use,  a  multitude  of  styles  and  types  of  engines,  each 
more  or  less  specially  adapted  for  different  classes  of  work,  such 
as  pumping  water  from  mines,  raising  water  for  the  supply  of 
towns,  draining  lands,  blowing  air  into  smelting  furnaces, 
•driving  agricultural  machinery,  steam  cranes,  and  such  like, 
all  of  which  it  is  impracticable  to  treat  of  fully  in  this  work ; 
for  it  is  impossible  in  the  few  remaining  lectures  at  our 
disposal  to  do  more  than  indicate  the  general  design  with 
some  of  the  more  important  details,  of  the  various  examples 
which  we  have  selected.  In  some  instances,  we  shall  give  the 
actual  specifications  from  which  the  engines  were  made,  as  we 
know  from  our  own  experience,  that  an  apprentice  or  young 
engineer  (unless  he  is  particularly  fortunate  and  happens  to  be 
in  the  drawing  office)  has  little  or  no  chance  of  perusing  and 
studying  specifications,  for  these  things  are,  as  a  rule,  carefully 
locked  past  and  treated  as  private  by  the  heads  of  firms. 
We  shall  also  have  occasion  to  devote  two  lectures  to  the  rise 
and  progress  of  the  Marine  Engine,  and  part  of  another  to  that 
of  the  Locomotive  Engine. 

In  the  present  lecture  we  shall  describe  three  styles  of  fixed 
or  stationary  horizontal  land  engines,  designed  by  Messrs. 
Marshall,  Sons  &  Co.,  Limited,  of  Gainsborough,  which  firm 
has  a  high  reputation  for  excellence  of  workmanship  and  design, 
brought  about  by  many  years  of  experience  and  constant  atten- 
tion to  special  requirements  and  to  small  details. 
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Horizontal  Non-condensing  Engine. — The  form  of  engine 
which  is  illustrated  above,  is  specially  adapted  for  driving 
small  works,  or  dynamo  machinery,  where  economy  of  coal  and 
of  water  is  not  of  the  first  or  of  vital  consideration,  but  where 
uniform  speed,  freedom  from  breakdown,  and  simplicity  of  con- 
struction are  of  great  consequence.  It  is  usually  made  in  sizes 
varying  from  36  to  105  indicated  horse-power,  and  supplied  with 
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steam  from  an  ordinary  Lancashire  boiler  (see  index),  or  from 
a  boiler  of  the  multitubular  locomotive  type  (see  index),  at  a 
pressure  of  40  to  80  lbs.,  according  to  circumstances.  As 
the  general  construction  of  this  engine  is  very  similar  to  that 
of  the  non-condensing  parts  in  the  next  set  of  illustrations,  of 
which  we  shall  give  a  complete  descriptive  specification,  we 
need  only  refer  the  student  to  the  figure  on  the  last  page  and 
the  index  of  parts. 

Horizontal  Condensing  Engine. — This  style  of  engine  is  much 
used  to  drive  factories  and  engine  works,  where  a  uniform  speed 
is  necessary,  and  where  it  is  advisable  to  economise  fuel  by  con- 
densing the  steam  and  returning  the  feed  water  warm  to  the 
boiler,  but  where  the  condensing  water  is  of  good  quality  admit- 
ting of  the  adoption  of  the  jet  condenser.  It  virtually  consists 
of  the  engine  previously  illustrated  with  the  addition  of  a  con- 
denser, an  air  pump,  and  feed  pump.  It  is  also  fitted  as  in  the 
case  of  the  previous  engine  with  Hartnell's  Automatic  Expansion 
Gear,  which  so  regulates  the  cut-off  or  expansion  valve  (working 
on  the  back  of  the  main  slide  valve),  that  steam  is  admitted  to 
the  cylinder  in  almost  direct  proportion  to  the  load  to  be  over- 
come. This  ensures  an  almost  perfect  uniformity  of  speed, 
whether  many  or  few  of  the  factory  machines  are  set  to  work, 
or  whether  few  or  many  of  the  electric  lights  are  in  circuit  when 
these  engines  are  applied  to  driving  dynamos.  The  construction 
and  action  of  this  engine  will  be  best  understood  by  following 
the  drawings  and  specification  for  one  of  80  I.H.P. 

General  Construction. — The  engine  is  erected  on  a  heavy  bed- 
plate, BP,  of  hollow  girder  pattern,  truly  planed  on  the 
.  underneath  surface.  This  bed-plate  is  arranged  so  as  to  form  at 
one  end  the  front  cover  for  the  cylinder,  C,  and  at  the  other  end 
the  main  bearing  for  the  crank  shaft,  C  S.  Sliding  surfaces  for 
the  cross-head,  OH,  are  embodied  in  the  same  casting.  The 
crank  shaft  is  constructed  with  a  disk  crank,  D  C,  and  a  pin  for 
the  attachment  of  the  connecting-rod,  G  R  The  outer  bearing 
for  the  crank  shaft  is  on  a  separate  foundation  with  plummer 
block,  PB.  Sufficient  room  is  afforded  on  the  crank  shaft  by 
the  side  of  the  fly-wheel,  F  W,  for  the  application  of  a  pulley  to 
give  off  the  whole  or  a  portion  of  the  power  if  required. 

The  engine  in  all  its  parts  is  of  ample  strength  for  working 
with  steam  supplied  at  80  lbs.  pressure,  and  of  developing  80 
indicated  horse -power  at  70  revolutions  per  minute,  with  a  cut- 
off at  §  stroke,  and  a  mean  pressure  of  58  lbs.  in  the  cylinder. 
When  supplied  with  dry  steam,  the  average  consumption  of 
feed  water  in  the  form  of  steam  is  25  lbs.  an  hour  per  indicated 
horse-power. 
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in  the  longitudinal  section,  the  two  steam  and  two  exhaust  porta 
close  to  the  main  slide  valves,  are  marked  respectively,  S  Plf 
S  P2,  and  E  P,,  E  Py 

Automatic  lubricators  or  oil  cups,  O  0  (see  general  elevation 
and  plan),  are  fixed  into  the  valve  casing,  V  0,  so  as  to  thoroughly 
lubricate  the  working  parts  of  the  slide  valves,  and  the  oil 
being  carried  forward  with  the  steam,  the  piston  is  thereby  also 
lubricated.  An  efficient  drain  cock,  J  0,  for  draining  the  steam 
jacket,  and  the  valve  chest  as  well  as  drain  or  pet  cocks,  P  0, 
for  the  cylinder  barrel  are  provided.  The  cylinder  is  lagged 
with  teak,  held  in  position  by  brass  screws. 

Stop-Valve  Chest. — The  steam  stop-valve  chest  containing  the 
stop  valve,  S  V,  which  admits  steam  from  the  boiler  to  the  slide 
valve  casing,  V  C,  and  steam  jacket,  S  J,  is  shown  in  section  in 
the  cross  section  of  the  cylinder.  It  is  bolted  to  the  valve 
casing  in  a  convenient  position  for  draining  the  main  steam  pipe, 
S  P.  The  stop  valve  is  a  wing  valve  with  a  suitable  seat,  both  of 
gun-metal,  and  is  fitted  with  a  brass  spindle  and  screw,  kept 
steam  tight  by  a  stuffing-box  with  brass  gland  and  studs.  On 
the  outer  end  of  the  spindle  is  fixed  the  stop  valve  handle  or 
wheel,  S  V  H,  whereby  the  attendant  can  cut  off  or  admit  more 
or  less  steam  at  pleasure  from  the  engine. 

Piston. — The  piston,  P,  is  made  of  cast-iron,  fitted  with  L, 
shaped  cast-iron  rings,  and  steel  internal  spring  to  compensate 
for  wear. 

Piston-Rod. — The  piston-rod,  P  R,  and  air-pump  rod,  APR, 
are  of  steel,  the  former  being  2J  inches  diameter.  They  are 
fixed  to  the  piston  by  a  simple  cone  and  nut. 

Crosshead. — The  crosshead,  0  H,  is  of  the  best  malleable  iron, 
finished  bright,  and  has  large  adjustable  bearing  surfaces  to 
compensate  for  wear.  It  is  firmly  fixed  to  the  piston-rod,  and  is 
provided  with  a  steel  gudgeon  for  attaching  it  to  the  connecting- 
rod.     The  crosshead  guides  are  of  the  circular  bored  type. 

Connecting-Rod.  —  The  connecting-rod  is  of  wrought-iron 
turned  and  polished.  It  is  fitted  with  adjustable  brasses  at  both 
ends  as  shown. 

Crank  Shaft. — The  crank  shaft  is  of  steel,  51  inches  diameter 
at  the  bearings.  A  polished  cast-iron  disk  properly  counter- 
weighted  and  fitted  with  a  steel  crank  pin,  is  forced  on  to  one 
end  of  the  crank  shaft  by  hydraulic  pressure.  The  crank  shaft 
is  supported  by  two  extra  long  gun-metal  bearings,  the  crank 
bearing  being  sustained  directly  by  the  engine  bed  plate,  B  P, 
while  the  outer  one  is  fitted  into  a  plummer  block,  P  B,  placed 
on  a  separate  foundation  outside  the  fly-wheel.  Both  bearings 
are  made  adjustable  to  follow  up  the  wear. 
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Fly-wheel — The  fly-wheel  is  of  cast-iron,  11  feet  in  diameter, 
and  14  inches  wide  on  the  face,  with  arms  of  strength  pro- 
portionate to  the  weight  of  the  rim  and  the  stresses  brought  to 
bear  on  it  while  working.  It  is  usually  turned  with  the  necessary 
curvature  on  the  periphery  so  as  to  receive  a  driving  belt  The 
boss  is  bored  out  and  key-wayed  to  suit  the  crank  shaft.  The 
engine  is  usually  adjusted  so  that  the  top  part  of  the  fly-wheel 
revolves  from  the  cylinder  unless  otherwise  specified  for. 

Governor  and  Automatic  Expansion  Gear, — This  arrangement 
consists  of  (see  first  the  general  views,  pp.  171,  174,  175)  the 
governor,  G,  driven  from  two  governor  pulleys,  G  P,  keyed  to 
the  crank  shaft,  with  two  belts  from  them,  GB,  to  the  two 
automatic  expansion  gear  pulleys,  AEP,  which  are  keyed  to 
the  same  spindle  as  the  driving  pinion,  DP  (see  the  accom- 
panying figure).      This  pinion,  DP,  gears  with  another  one 


Hartnell's  Governor,  with  Automatic  Expansion  Gear, 
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keyed  to  a  vertical  spindle,  on  the  other  end  of  which  is  an 
arrangement  for  supporting  the  two  governor  balls,  GB,  GB, 
fixed  to  bell  crank  levers,  the  whole  being  rotated  along  with 
the  vertical  spindle.  The  inner  ends  of  the  two  bell  crank 
levers,  bear  on  a  strong  spiral  spring,  contained  in  or  above  the 
upper  extension  of  the  metal  tube  or  sleeve,  M  S.  On  the 
lower  end  of  this  metal  sleeve  is  fixed  a  double  collar  freely 
engaged  by  a  forked  lever,  suspended  from  which  is  a  drag 
link,  D  L,  whose  lower  end  is  attached  to  the  expansion  valve 
rod.  The  end  of  the  expansion  valve  rod  engages  a  die-block, 
D,  which  may  be  pulled  up  or  pushed  down  throughout  the 
length  of  the  curved  link,  L,  to  the  centre  of  which  is  attached 
the  expansion  eccentric  rod,  whose  other  end  is  strapped  to 
the  expansion  eccentric,  EE,  keyed  in  position  on  the  crank 
shaft. 

Consequently,  whenever  the  speed  of  the  engine  exceeds  the 
normal  speed  for  which  it  has  been  set  to  run  at,  the  two 
governor  balls  fly  outwards  by  the  extra  centrifugal  or  tangential 
force,  compressing  the  spiral  spring,  lifting  the  metal  sleeve, 
M  S,  drag  link,  D  L,  and  expansion  valve  rod  with  the  die- 
block,  D,  towards  the  upper  end  of  the  curved  link,  L,  thus 
diminishing  the  travel  of  the  expansion  valve,  and  cutting  off 
the  steam  earlier  from  the  cylinder ;  which  reduces  the  power  and 
speed  of  the  engine  again  to  the  normal.  When  the  speed  of  the 
engine  fdUs  below  the  normal,  the  reverse  action  takes  place,  for 
then  the  tension  of  the  spiral  spring  overcomes  the  compressive 
pressure  of  the  bell  crank  levers,  and  presses  down  the  metal 
sleeve,  drag  link,  and  expansion  valve  rod  with  die-block, 
towards  the  lower  end  of  the  curved  link,  thus  increasing  the 
travel  of  the  expansion  valve,  and  cutting  off  the  steam  later 
from  the  cylinder ;  which  increases  the  power  and  speed  of  the 
engine  again  to  the  normaL  In  this  way,  only  sufficient  steam 
is  admitted  to  the  cylinder  to  develop  the  power  required  for 
the  load  in  circuit,  and  to  maintain  an  approximately  uniform 
speed  of  from  2  to  5  per  cent,  above  or  below  the  normal  speed, 
under  considerable  and  frequent  variations  of  load ;  and  further, 
steam  is  economised  by  doing  so,  while  the  ordinary  but  less 
precise  acting  throttle  valve  arrangement  is  dispensed  with. 
All  the  working  parts  of  this  gear  are  case-hardened  and  the 
pins  are  of  steel. 

Feed  Pump. — The  feed  force  pump,  F  P,  consists  of  a  cast-iron 
barrel,  truly  bored  out  to  a  diameter  to  suit  a  hollow  plunger, 
3  inches  in  outside  diameter,  with  a  stroke  of  3£  inches.  It  is 
supplied  with  the  necessary  stuffing  box,  brass-bushed  gland 
and  studs,  suction  and  delivery  valves  with  Mats,  all  of  gun- 
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raetal  (respectively  connected  by  pipes  to  the  condenser  hot  well 
and  to  the  boiler  as  required),  and  a  large  cast-iron  air  vessel. 
The  pump  is  worked  by  an  eccentric,  F  P  E,  keyed  to  the  crank 
shaft  along  side  of  the  expansion  eccentric. 

Condenser  and  Air  Pump. — The  condenser,  Co,  consists  of  a 
strong  cast-iron  box  of  ample  size,  bolted  to  and  resting  upon 
a  cast-iron  sole  placed  behind  the  steam  cylinder.  The  cast- 
iron  exhaust  pipe,  E  P,  joins  the  exhaust  port  of  the  cylinder, 
and  the  top  of  the  condenser  at  its  centre.  Immediately  under- 
neath the  latter  end  of  the  exhaust  pipe,  and  inside  the  con- 
denser, is  fixed  a  perforated  pipe  or  rose,  leading  from  the 
injection  cock,  10,  and  injection  water  pipe,  IWP,  which  is 
2£  inches  internal  diameter.  An  ordinary  horizontal  double- 
acting  air  pump  with  brass  barrel  4f  inches  internal  diameter 
is  fixed  in  the  centre  of  the  condenser.  This  pump  which  has 
the  full  stroke  of  engine,  is  fitted  with  a  brass  plunger  and  air- 
pump  rod,  APRjlJ  inches  diameter,  worked  direct  from  the 
back  end  extension  of  the  piston-rod  as  shown.  India-rubber 
suction  and  delivery  valves  with  brass  seating  are  fixed  at 
each  end  of  the  air  pump,  with  a  discharge  pipe  4J  inches 
diameter  leading  from  tke  delivery  valves  to  the  hot  well. 
A  vacuum  gauge,  Y  G,  is  fitted  to  the  condenser  on  the  same 
side  as  the  injection  cock. 

The  following  table  gives  the  general  dimensions,  speeds,  and 
horse-powers  of  such  engines : — 
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Compound  Non-Condensing  Engine  and  Boiler. — This  type 
of  combined  engine  and  boiler  is  very  complete  and  compact. 
It  is,  therefore,  becoming  very  popular  for  driving  works  and 
electric  light  machinery,  where  want  of  space  or  other  circum- 
stances prevent  the  use  of  a  separate  engine  and  boiler.  Steam 
can  be  raised  in  this  locomotive  type  of  boiler  in  a  very  short 
time,  and,  owing  to  the  large  steam  space  and  heating  surface,  it 
keeps  steam  amply  supplied  when  the  engine  is  working  at  full 
power  throughout  a  long  and  continuous  run.  The  following 
descriptive  specification  is  for  an  engine  and  boiler  developing 
under  ordinary  circumstances  about  50  indicated  horse-power, 
by  Messrs.  Marshall,  Sons  &  Co.,  of  Gainsborough. 

General  Construction. — The  engine  is  of  an  improved  con- 
struction, mounted  on  a  wrought-iron  framing,  WIF,  under- 
neath a  Locomotive  Multitubular  Boiler,  L  B,  of  large  capacity, 
having  a  steel  shell,  S  S,  and  a  fire-box,  F  B,  of  bowling  iron. 
The  smoke-box,  S  B,  is  bolted  to  the  top  flanges  of  the  high- 
and  the  low-pressure  cylinders,  H  P  0  and  LPO.  The  fire-box 
end  rests  on  a  neat  ash-pan,  AP,  fitted  with  a  door,  D,  for 
regulating  the  draught.  The  cylinders  are  steam  jacketed, 
and  the  whole  engine  is  of  extra  strength  throughout  to  with- 
stand a  continuous  working  steam  pressure  of  140  lbs.  to  the 
square  inch,  developing  48  indicated  horse-power,  at  155  re- 
volutions per  minute. 

Cylinders. — The  cylinders  are  of  cold  blast  iron,  with  the 
working  barrels  of  special  hardness,  cast  separately,  and  tightly 
forced  into  the  main  casting  of  the  steam  jacketed  cylinders. 
The  cylinders  are  covered  with  hair  felt  cased  over  with  sheet 
iron.  The  high-pressure  cylinder,  H  P  0,  is  8  inches  diameter, 
and  the  low-pressure  cylinder,  LPO,  is  12f  inches  diameter, 
each  with  a  stroke  of  14  inches.  The  slide  valves  are  of  the 
same  class  of  iron  as  the  cylinder  to  insure  uniformity  of  wear. 
The  steam  chest  and  jackets  are  arranged  so  as  to  be  effectually 
drained  in  a  similar  manner  to  that  shown  and  described  in  the 
last  style  of  engine,  the  condensed  steam  being  led  away  by 
the  drain  pipe,  D  P.  Steam  is  admitted  to  the  valve  casing, 
V  0,  from  the  boiler  by  the  steam  pipe,  S  P,  on  opening  the 
stop  valve  handle,  S  V  H,  and  the  steam  is  emitted  by  the 
exhaust  pipe,  E  P,  up  the  chimney,  Oh. 

Pistons,  Piston-Bods,  and  Crossheads  are  of  precisely  the  same 
type  as  described  in  the  last  style  of  engine. 

Guides. — The  guides,  G,  are  of  the  circular  bored  type,  bolted 
to  the  cylinders  at  one  end,  and  to  the  wrought-iron  bridge 
plato  at  the  other  end.  It  is  fitted  with  the  necessary  oil 
cup,  O  0. 
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Connecting-Bods. — The  connecting-rods,  0  R,  are  of  the  best 
scrap  iron,  turned  and  polished,  and  fitted  with  large  adjustable 
bearings  at  each  end. 

Crank  Shaft — The  crank  shaft,  0  S,  is  made  of  steel  in  one 
piece,  without  weld,  and  of  sufficient  length  to  take  on  the  fly- 
wheel, F  W,  on  either  end  as  may  be  required.  It  is  carried  on 
long  gun-metal  bearings,  B  1,  B  2,  firmly  bolted  to  the  wrought- 
iron  framing,  WIF.  These  bearings  are  made  adjustable 
horizontally,  to  follow  up  the  wear. 

Fly-wheel—  The  fly-wheel,  F  W,  is  5  ft.  6  in.  diameter,  9 £  in. 
wide  on  face.  It  is  constructed  exactly  in  the  same  way  as  in 
the  last  style  of  engine. 

Governor  and  Automatic  Expansion  Gear  are  applied  precisely 
as  in  the  last  style  of  engine,  but  to  the  high-pressure  cylinder 
engine  only.     It  is  marked,  H  G,  for  HartnelTs  Governor. 

Feed  Pump. — A  continuous  action  force  pump,  F  P,  with  an 
air  vessel,  A  V,  and  worked  by  an  eccentric,  E,  keyed  to  the 
crank  shaft  is  bolted  to  the  side  of  the  engine  frame.    This  pump 
plunger,  suction,  delivery  valves  and  taps  are  all  of  gun-metal, 
as  well  as  the  check  valve,  0  V,  fixed  to  the  side  of  the  boiler, 
and  connected  to  the  pump  by  the  copper  feed  water  pipe,  FWP. 
Boiler. — The  boiler,  LB,  is  of  the  locomotive  multitubular 
type*  lagged  and  cased  over  with  sheet  iron  the  whole  length. 
It  is  of  ample  capacity  for  generating  and  maintaining  a  con- 
tinuous supply  of  steam  for  the  engine  when  developing  full 
power.      The  internal  fire-box  is   of  suitable  dimensions  for 
burning  either  coal  or  wood  as  fuel,  and  strongly  stayed  at  the 
ends  and  sides  by  screwed  stays,  and  at  the  top  by  deep  roofing 
stays,  R  S.     All  the  boiler  plates  are  planed  on  their  edges,  and 
riveted   together  by   hydraulic   machinery.      The  longitudinal 
seams  are   double   riveted,   and    the    boiler    throughout  is  of 
sufficient  strength  to  withstand  a  continuous  working  pressure 
of  HO  lbs.  to  the  square  inch.     Long  gusset  stays,  GS,  are 
riveted  between  the  smoke-box  end  and  the  main  steel  shell,  SS. 
There  are  36  high  pressure  lap-welded  iron  boiler  tubes,  2£  inches 
external  diameter,  extending  between  the  fire-box,  F  B,  and  the 
wrought-iron  smoke-box,  S  B.     This  smoke-box  is  fitted  with  a 
suitable  smoke-box  door,  S  B  D,  furnished  with  a  strap,  hinges 
and  fasteners.     The  firing  door,  FD,  furnace  bars,  and  man- 
hole, MH,  are  fitted  with  external  strengthening  rings,  SR 
Two  spring  loaded  safety  valves,  S  V,  of  ample  capacity,  water- 
gauges,  WG,  WG,  with  gun-metal   fittings,  two  gauge  cocks, 
steam  pressure  Bourdon  gauge,  P  C,  gun-metal  blow-off  cock, 
BOO,  are  provided,  as  well  as  a  fusible  plug  in  the  crown  of  the 
fire-box,  and  a  straight  chimney,  Gh,  of  wrought-iron  8  feet  long. 
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Indicator  Diagrams. — The  following  set  of  diagrams  were 
taken  from  engines  made  in  accordance  with  the  foregoing 
specification  and  the  drawings  from  which  those  on  pp.  180, 
181,  were  reduced,  where 

=  140  lbs.  on  square  inch. 

—  8  inches. 

=  J  stroke. 

=  A  of  its  volume. 

=  12  J  inches. 

=  £  stroke. 

=  ^  of  its  volume. 
Number  of  revolutions  =  155  per  minute. 
The  back  end  is  the  full  line  diagram,  and  the  front  end  the 
dotted  line. 

From  High-Pressurx  Cylinder,  4 


Boiler  pressure 
Diameter  of  H.P.  oyl. 
Out-off  in  „ 

Clearance  „ 

Diameter  of  L.P.  cyL 
Out-off  in  „ 

Clearance  „ 


Atmospheric   Line. 


The  irregular  line  on  admission  is  caused  by  the  indicator  not  being 
suited  to  such  a  high  speed  as  155  revolutions  per  minute. 
From  Low-Pressure  Cylinder. 


The  exhaust  line  closely  coincides  with  the  atmospheric  line.  See 
question  on  next  page,  which  should  be  done  by  all  advanced  students. 

The  following  table  gives  the  general  dimensions  of  cylinders, 
fly-wheels,  and  the  speeds  of  these  engines  for  different  horse- 
powers : — 
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GXUHDBBS. 

Indicated 

NOMXRAL 
HOBSB- 

High  Prewure 

Low  Prewure. 

Revolutions 
Minute. 

Diameter 

or 

Horse-Power 
given  off 

POWBK. 

Stroke 
in 

Fly-wheel 

with 
Economy. 

Diameter  hi 

Diameter  In 

Inches. 

Inches. 

Indies. 

Ft       In. 

8 

54 

9 

12 

180 

4        0 

26 

10 

64 

104 

14 

155 

5        0 

33 

12 

7 

12} 

14 

155 

5        0 

40 

16 

8 

14 

155 

5        6 

52 

20 

9 

14 

16 

135 

6        0 

65 

25 

10 

16 

18 

120 

7        0 

80 

30 

11 

174 

18 

120 

7        0 

95 

40 

13 

21 

24 

90 

8       0 

130 

Coupled  Compound  Horizontal  Fixed  Condensing  Engine,  de- 
signed and  constructed  by  Messrs.  Robey  <fc  Co.,  of  Lincoln,  and 
fitted  with  the  Richardson  <fc  Rowland  Patent  Automatic  Trip 
Expansion  Gear. 

Adapted  for,  dec. — This  type  of  engine,  as  illustrated,  is 
specially  designed  and  adapted  for  driving  electric  lighting 
machinery,  large  factories,  mills,  <fec.,  where  regularity  of  speed 
with  varying  loads,  as  well  as  high  efficiency  in  the  economy  of 
fuel,  is  necessary. 

Illustrations. — The  illustrations  are  taken  from  the  engine 
which  was  employed  in  the  Electric  Light  Department  of  the* 
International  Exhibition,  Glasgow  (1888),  for  driving  the 
dynamos  on  the  north  side.  It  did  its  work  without  a  single 
hitch.  This  engine  is  now  fitted  at  Messrs.  J.  &  G.  Thomson's, 
of  Clydebank,  for  driving  their  ship-yard  machinery  and  saw 
mill,  <fec. 

Fig.  1  (A),  shows  a  front  elevation,  (B)9  plan,  and  (C% 
end  elevation ;  Fig.  2,  longitudinal  and  cross  sections  through 
high-pressure  cylinder;  Fig.  3,  enlarged  cross  section  through 
high-pressure  cylinder  at  steam  admission  and  exhaust  valves ; 
and  Fig.  4,  an  improved  form  of  crosshead  and  gudgeon  pin. 

Cylinders  and  Cut-off, — The  cylinders,  which  are  both  steam- 
jacketed,  are  respectively  18i"and  30"  in  diameter,  with  a  stroke 
of  40".  Each  cylinder  is  fitted  with  the  trip  valvo  gear,  the  cut- 
off on  the  high-pressure  cylinder  being  capable  of  being  varied 
by  the  governor  from  nil  to  three-quarters  of  the  stroke,  whilst 
the  cut-off  on  the  low-pressure  cylinder  is  variable  by  hand,  and 
when  the  engine  is  running.  -  „ 
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Fig.    I  (C) 


in  order  to  efficiently  drain  the  interior,  and  enable  the  pistons 
to  work  safely  with  the  least  possible  amount  of  clearance.  They 
are  worked  by  exhaust  eccentrics,  E.E.,  upon  the  horizontal  shaft, 
H.S.,  driving  the  admission  valve  gear. 

Action  o/Admi88ion  Valves  and  Governor. — Following  the  action 
of  the  steam  inlet  valves  from  Figs.  2  and  3,  it  will  be  noticed 
that  the  admission  valves,  A.V.,  are  lifted  and  released  by  trip 
levers,  T.L.,  actuated  by  the  admission  eccentrics,  A.E.,  driven 
by  the  horizontal  shaft,  H.S.,  rotating  at  the  same  speed  as  the 
disc  shaft,  D.S.,  and  running  parallel  with  the  engine-bed.  The 
length  of  time  the  trip  levers  are  in  contact  and  consequent 
duration  of  the  admission  of  steam  into  the  cylinder  is  regulated 
by  the  governor,  G,  thus  automatically  varying  the  grade  oi 
expansion  to  the  work  being  done.  The  upper  portion  of  the 
valve  spindle,  V.S.,  is  attached  to  an  air  buffer,  A.B.,  which, 
assisted  by  a  spiral  spring,  suddenly  closes  the  valves  when 
relieved  from  the  trip  lever. 

A  very  precise  action  of  the  valve  is  obtained  by  this  arrange- 
ment, and  a  very  sharp  cut-off  is  consequently  insured.  To 
prevent  the  admission  valves,  A.V.,  being  forced  down  too 
suddenly  upon  their  seats,  S,  the  usual  air  cushion  is  formed 
and  regulated  by  valves  in  the  air  buffer,  A.B.,  which  are  so 
constructed  that,  while  the  admission  valves  close  steam-tight, 
they  yet  come  upon  their  seats  with  checked  velocity.     The 
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Fig.  3. 
Richardson  k  Rowland  Automatic  Trip  Expansion  Gear. 
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governor  G  (Fig*  2),  regulating  the  admission  valves,  is  one  of 
Richardson's  patent  spring  governors,  which,  being  relieved  of 
all  working  stress,  is  so  constructed  as  to  give  a  wide  range  of 
cut-off  with  very  slight  variations  in  speed.  It  is  driven  by 
gearing,  Gg.,  from  the  horizontal  shaft,  H.S.  The  admission 
eccentrics,  A.E.,  are  so  fixed  upon  the  same  horizontal  shaft, 
H.S.,  as  to  give  a  constant  lead.  When  used  for  electric  lighting 
the  governor  is  supplemented  by  a  Richardson- Ne vile  Patent 
Electric  Regulator,  E.R.,  Fig.  2,  which  enables  the  engine  to  be 
controlled  by  the  electric  current  itself,  so  as  to  maintain  either 
a  constant  current  or  a  constant  E.M.F.  with  varying  loads. 

The  valve  gear  is  also  arranged  so  that  the  engine  can  be 
stopped  by  merely  pulling  a  cord,  C,  carried  to  any  part  of  the 
mill  or  factory,  a  provision  which  is  invaluable  in  case  of 
accident  to  life  or  machinery. 

Framing. — The  engine-frames  or  bed-plates  are  of  the  most 
solid  and  substantial  character,  efficiently  resisting  the  direct 
thrust  and  working  of  the  engine,  thus  securing  complete  rigidity 
between  the  cylinder  and  main  bearings,  and  efficiently  taking 
up  any  stresses  in  the  crosshead  guides;  this  design  being 
altogether  a  great  improvement  upon  the  original  type  of  girder 
engine  as  first  introduced  into  this  country.  The  bearings,  which 
are  extra  large,  are  made  in  three  adjustable  parts  of  Babbit's 
metal,  fitted  with  suitable  lubricators  for  continuous  running. 

The  steam,  in  passing  from  the  high-pressure  cylinder,  H.P.C., 
to  the  low-pressure  cylinder,  L.P.C.  (Fig.  1),  enters  a  receiver,  Rp 
which  is  superheated  by  a  current  of  high-pressure  steam  from 
the  boiler  circulating  through  a  coil  of  piping  placed  inside  it, 
thus  raising  the  temperature  of  the  steam  previous  to  its  admis- 
sion into  the  low-pressure  cylinder.  The  receiver  is,  in  addition, 
lagged  with  wood  and  sheet-iron.  The  other  details  need  no 
explanation,  as  they  are  similar  to  those  of  engines  previously 
explained. 

Crosshead :  How  Made  and  Fitted. — The  crosshead  illustrated 
by  Fig.  4  possesses  several  important  features  which  are  worthy 
of  notice.  It  is  made  of  malleable  iron  or  of  cast-steel,  and  is 
therefore  free  from  the  risk  of  breaking.  The  curved  surfaces, 
C.S.,  which  bear  on  the  guides  are  of  hard  cast-iron,  as  this 
forms  the  best  material  for  wear.  These  consist  of  two  plates 
with  projecting  pins,  shown  in  dotted  lines  at  Pf  and  are  further 
secured  by  the  screws,  S,  S,  S,  S.  After  these  curved  surfaces 
are  secured  into  their  places,  the  whole  is  turned  up  true  from  a 
mandril  fitting  into  the  taper  which  receives  the  piston-rod. 
These  bearing  plates  are  designedly  left  without  any  means  of 
adjustment  by  the  engine-driver,  experience  having  shown  that 
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Fig.  4. 
Robey  &  Co.'s  Improved  Crosshead  and  Gudgeon  Pin. 

when  such  adjustments  exist  it  is  more  easy  to  put  a  crosshead 
wrong  than  right.  Many  crosshead  guides  have  been  ruined  by 
screws  or  wedges  being  improperly  tightened  by  a  careless 
driver.  Should  the  crosshead  shown  by  Fig.  4  ever  get  slack,  the 
rubbing  surfaces  can  be  packed  out  by  strips  of  metal,  and  the 
exterior  again  fitted  into  its  place  with  very  little  trouble.  The 
surfaces  are,  however,  made  so  large  that  there  is  practically  no 
wear ;  for  guides  of  this  proportion  have  been  known  to  be  in 
perfect  working  order  at  the  end  of  twenty-five  years'  work. 
The  gudgeon  pin,  G.P.,  is  a  part  that  has  often  given  trouble, 
for  these  pins  have  to  be  made  to  fit  so  that  they  can  be  taken 
out  when  required.  They  are  therefore  liable  to  get  easily  loose. 
Many  methods  have  been  employed  to  prevent  this,  but  Messrs. 
Robey  <fc  Co.  find  that  shown  by  Fig.  4  to  be  the  best.  The  cross- 
head  is  bored  out  taper  on  its  two  cheeks,  tho  tapers  being  in 
opposite  directions.     Into  one  of  these  the  tapered  head  of  the 
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steel  pin,  G.P-,  fits,  the  other  end  being  turned  parallel  and  is 
surrounded  by  a  taper  steel  cotter,  C.  The  cotter  is  split 
longitudinally,  and  is  forced  by  the  nuts,  N.  N.f  tightly  into 
the  coned  hole,  and  at  the  same  time  is  equally  forced  to  fit 
tightly  upon  the  pin.  It  is  thus  so  firmly  fixed  that  it  is 
practically  solid  with  the  crosshead  when  the  nuts  are  screwed 
up,  whilst,  when  required  to  be  removed,  it  comes  out  with  the 
greatest  ease.  The  piston-rod  is  secured  by  a  cotter  into  the 
taper  neck  of  the  crosshead  in  the  usual  way.  For  the  purpose 
of  removing  it  (when  the  cotter  is  driven  out)  the  piston-rod  is 
provided  with  a  fine  thread  and  a  hardened  nut,  P.N.,  just 
behind  the  crosshead.  When  this  nut  is  screwed  up  to  the  cross- 
head  the  rod  is  drawn  without  any  difficulty.  Without  such 
a  provision  as  this,  much  loss  of  time  and  temper  is  often 
occasioned. 

Lecture  XVIII.— Questions. 

1.  Explain  in  general  terms,  the  difference  between  (1)  a  simple  non-conden- 
sing engine;  (2)  a  condensing  engine;  (3)  a  compound  non-condensing  engine. 

2.  Give  free-hand  sketches  (outside  elevation  and  plan)  of  a  horizontal 
condensing  engine,  with  a  complete  index  of  parts,  and  the  uses  as  well 
as  materials  of  which  each  part  is  composed, 

3.  Describe  with  a  sketch  the  construction  of  a  piston,  piston-rod, 
crosshead,  and  connecting-rod  for  a  horizontal  land  engine,  and  show  how 
the  several  parts  are  fitted  together,  and  of  what  materials  each  part  is 
composed,  and  why. 

4.  Sketch  a  longitudinal  section  and  cross-section  through  the  cylinder 
of  a  horizontal  condensing  engine  with  expansion  valve.  Give  a  complete 
index  of  the  various  parts  with  the  materials  of  which  they  are  composed. 
Show  how  the  steam  passes  into  and  out  of  the  cylinder,  and  explain  how 
the  piston,  piston-rod,  and  valve  spindles  are  kept  steam  tight. 

5.  Describe  with  sketches  and  index  of  parts  a  compound  non-condensing 
stationary  land  engine,  as  usually  fitted  underneath  a  locomotive  multi- 
tubular boiler. 

6.  What  is  meant  by  "  Automatic  Expansion  Gear?"  Give  the  necessary 
sketches  with  index  of  parts  and  concise  explanation  to  enable  a  person 
to  understand  its  complete  action,  and  point  out  the  advantages  usually 
claimed  for  it  over  an  ordinary  governor  and  throttle  valve. 

7.  Construct  scales  to  suit  the  indicator  diagrams  given  at  the  end  of 
this  lecture,  and  divide  the  diagrams,  as  well  as  plot  them  down  to  one 
scale  by  the  method  explained  and  illustrated  in  the  case  of  H.M.S. 
Boadicea,  with  the  three  steam  expansion  curves.  Find  also,  the  mean 
horse-power  developed  by  each  cylinder,  and  the  weight  of  steam  used  by 
the  engine  per  horse-power-hour  on  the  assumption  that  the  steam  is 
"  dry  saturated  steam." 

8.  Describe  a  horizontal  factory  engine  which  is  to  work  expansively 
and  with  condensation.  Enumerate  the  principal  parts,  and  make  tlia 
sketches  necessary  for  showing  the  internal  construction. 

9.  Sketch  a  section  through  a  co.npound  cylinder  horizontal  factory 
engine.  Show  the  valves  for  the  distribution  of  steam,  and  explain  gene- 
rally the  advantages  of  this  form  of  construction. 
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Contents.— Early  History  of  Marine  Engines  up  to  1816 — Side  Lever 
Engine — American  Beam  Engine — Steeple  Engine— Double  Cylinder 
Engine— Oscillating  Engine  with  Valve  Gear. 

Although  the  successful  commercial  application  of  steam-power 
to  the  propulsion  of  ships  was  not  effected  until  after  Watt  in- 
vented and  perfected  his  double-acting  engine,  it  will  be  inter- 
esting to  briefly  refer  to  a  few  of  the  more  prominent  attempts 
at  steam  navigation  previous  to  and  at  the  beginning  of  the 
present  century.* 

The  earliest  record  that  we  can  find  of  an  actual  attempt  to 
propel  a  boat  by  a  steam  engine,  is  given  in  a  correspondence 
between  Papin  and  Leibnitz,  wherein  the  former  records  having 
been  present  in  1698  at  a  trial  of  a  boat  driven  by  a  Savery 
engine.  The  engine  kept  up  a  supply  of  water  sufficient  to  work 
a  water-wheel,  which  in  turn  drove  the  paddle-wheels.  Papin, 
who  was  professor  of  mathematics  at  Marburg,  had  a  vessel  fitted 
with  an  engine  of  his  own  in  1707,  wherein  he  employed  the 
same  device,  viz.,  a  pumping  engine  to  force  up  water  to  turn 
a  water-wheel  attached  to  the  propelling  paddle-wheels.  This 
vessel,  however,  before  it  had  been  put  to  regular  use,  was 
destroyed  by  a  mob  of  boatmen  who  thought  it  would  ruin  their 
business.  Papin  himself  narrowly  escaped  with  his  life  and 
fled  to  England. 

In  1736,  Jonathan  Hulls  took  out  an  English  patent  for  a 
steam  tug,  in  which  the  paddle-wheels  were  to  be  driven  by  a 
Newcomen's  atmospheric  engine,  to  which  a  system  of  ropes 
and  grooved  wheels,  &c.,  was  to  be  applied,  so  as  to  give  a 
continuous  rotary  motion  to  the  paddle-wheels  placed  at  the  stern 
of  the  tow-boat. 

In  1783,  the  Marquis  de  Jouffroy,  who  was  one  of  the  earliest 
savants  in  France  to  recognise  Watt's  improvements,  after 
several  previous  unsuccessful  attempts,  had  a  boat  150  feet  long, 

*  For^  a  complete  history  of  the  application  of  the  steam  engine  to  the 
propulsion  of  ships,  the  student  is  referred  to  Mr.  Woodcroft's  abridgements 
of  patents,  for  marine  propulsion,  which  will  be  found  in  most  Engineers'  and 
Philosophical  Societies'  Libraries,  as  well  as  to  Prof.  Thurston's  History 
Of  the  Steam  Engine. 
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16  feet  wide,  fitted  with  a  horizontal  engine  and  paddle-wheels 
14  feet  diameter,  6  feet  broad,  and  successfully  tried  it  at  Lyons, 
but  owing  to  want  of  funds  and  discouragement  from  the  French 
Government  he  did  not  put  it  to  regular  use. 

In  1787,  John  Fitch  made  and  tried  a  boat  at  Philadelphia, 
which  was  driven  by  side  paddles  worked  by  a  steam  engine, 
which  attained  a  speed  of  3  or  4  miles  an  hour ;  and  in  1796  he 
experimented  with  a  screw  propelled  boat  at  New  York.  This 
is  the  first  actual  trial  of  a  screw  propeller,  although  Daniel 
Bernouilli  had  in  1752  invented  a  form  of  screw  propeller  which 
he  proposed  to  drive  by  a  steam  engine. 

In  1788,  Miller,  Taylor  &  Symington,  at  Dalswinton,  Dumfries- 
shire, Scotland,  built  and  engined  a  small  boat  (25  feet  long,  7  feet 
beam,  with  a  double  cylinder  engine,  the  cylinders  being  only  4 
inches  diameter),  which  is  reported  to  have  attained  a  speed  of 
5  miles  an  hour.  All  these  early  attempts  up  to  the  beginning 
of  the  present  century  failed,  chiefly  on  account  of  the  imperfect 
means  employed  to  transmit  motion  from  the  piston  to  the  pro- 
peller. It  was  not  until  Watt's  improved  rotative  engine  began 
to  be  generally  understood  and  appreciated  that  anything  like 
practical  success  can  be  said  to  have  been  attained. 

In  1801,  Symington,  encouraged  by  the  previous  partial  success 
with  Miller's  boat,  and  availing  himself  of  Watt's  improvements, 
built  and  engined  for  Lord  Dundas  a  small  boat  called  the 
Charlotte  Dundas,  which  plied  as  a  tug-boat  in  1802  on  the  Forth 
and  Clyde  Canal  with  complete  success,  and  was  only  laid  aside 
owing  to  the  fear  on  the  part  of  the  canal  directors  that  the 
wash  from  her  propeller  would  injure  the  banks  of  their  canal. 


&g$»h 


The  "Chablottk  DmroAS,"  1801. 

As  may  be  seen  from  the  above  figure,  the  vessel  was  fitted  with 
a  stern  wheel,  driven  by  a  direct-acting  horizontal  engine  with 
connecting-rod  and  crank.      A  condenser  and  air-pump  were 
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fixed  below  the  cylinder,  while  the  boiler  extended  above  the 
deck.  Altogether  the  arrangement  was  most  creditable,  and  she 
has  justly  been  styled  "  the  first  practical  steamboat." 

In  1807,  Robert  Fulton,  an  American,  had  a  steamer  called  the 
Clermont  launched  for  him  on  the  East  River,  New  York,  133 
feet  long,  18  feet  wide,  and  9  feet  deep,  which  he  fitted  with  an 
engine  having  a  cylinder  2  feet  diameter,  and  4  feet  stroke, 
made  for  him  by  Boulton  &  Watt  in  England.  This  paddle 
boat  made  a  trip  to  Albany,  running  the  distance  of  150  miles  in 
32  hours  and  returning  in  30  without  using  the  sails  on  either 
occasion.  Old  drawings,  made  by  Fulton's  own  hand,  of  the 
Clermont*  engine,  are  in  the  possession  of  Professor  Thurston  at 
the  Stevens'  Institute  of  Technology.  The  success  of  the  Clermont 
on  the  trial  trip  was  such,  that  Fulton  soon  afterwards  advertised 
the  vessel  as  a  regular  passenger  boat  between  New  York  and 
Albany,  and  he  has  therefore  the  credit  of  first  making  steam 
navigation  an  e very-day  commercial  success. 

In  1812,  Henry  Bell  constructed  the  Cornet  on  the  Clyde,  a 
craft  of  30  tons  burden,  40  feet  long,  and  10£  feet  beam,  which 
ran  for  several  years  between  Glasgow  and  Greenock  as  a  regular 
passenger  steamer. 


The  "Comet,"  1812. 

As  may  be  seen  from  the  above  figure,  there  were  two  paddle- 
wheels  on  each  side,  driven  by  an  engine  rated  at  three  horse 
power,  of  which  the  following  diagram  taken  from  Professor 
Rankine's  Steam  and  Steam  Engine  gives  an  idea  of  its  style 
and  proportion. 

This  engine,  as  shown  by  the  drawing,  is  what  might  be 
expected  to  have  been  used  at  the  date  of  its  construction  for 
a  small  land  engine,  since  it  is  fitted,  not  only  with  a  fly-wheel, 
but  also  with  a  Watt's  pendulum  governor.  It  is  a  simple  form 
of  side-lever  engine,   where   long  return    side  rods  from   the 
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piston-rod  crosshead  engage  with  one  end  of  a  side  lever, 
having  a  fulcrum  or  wyper  shaft  at  its  other  end.  With 
several  important  additions  and  improvements,  such  as  jet  or  sur- 
face condensers,  variable  hand-regulated  expansion  gear,  footrtrip 
and  hand  reversing  gear,  and  omitting  the  fly-wheel  and  governor, 
this  style  of  engine,   termed   a   "grasshopper"  engine,   is  to 


Tub  Engine  of  the  "Comet. 


be  found  at  the  present  day  doing  good  work  in  many  tugs  on 
the  Thames,  Clyde,  Forth,  and  other  ports.  Several  advantages 
are  claimed  for  it,  such  as  cheapness  of  construction,  long  stroke 
even  in  shallow  water  boats  (where  the  cylinder  is  placed  near 
the  keel  instead  of  on  a  raised  platform  as  in  the  Comet's  engine), 
less  chance  of  sticking  on  the  dead  points  than  most  other  single 
cylinder  forms  of  engines  (owing  to  the  position  occupied  by  the 
crank  shaft,  the  connecting-rod  being  placed  between  the  cylinder 
side  rods  and  the  side-lever  fulcrum),  and  also  the  fact,  that  it  will 
work  with  less  attention  and  in  a  greater  state  of  disrepair  than 
many  other  more  finely  adjusted  forms  of  engines.  The  cylinder 
of  the  Comet  is  preserved  as  an  interesting  relic  in  the  Glasgow 
Corporation  Kelvingrove  Museum. 

From  this  date  the  advancement  and  success  of  steam  naviga- 
tion was  very  rapid,  for  we  find  that  Bell  soon  built  several 
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other  steamboat*  In  1814,  there  were  5  steamers  m  M 
Britain  (all  Scotch)  regularly  at  work  in  British  waters;  in  1820 
there  were  34,  one-half  in  England,  14  in  Scotland,  and  the  rest 


Cylinder 


The  "Grasshopper"  Engine. 

in  Ireland.  In  1840  there  were  1,325  steam  ships  in  Great 
Britain,  of  which  1,000  were  English,  and  250  Scotch.  At 
present,  in  1886,  there  are  about  7, 750*  registered  steamers 
belonging  to  all  nationalities,  and  in  1884  on  the  Olyde  alone, 
about  300  steamers  of  290,000  tons  burden  were  launched  and 
fitted  out. 

Side-Lever  Engines. — In  the  earlier  forms  of  engines  for 
steamships,  the  propeller  almost  invariably  used  was  the  paddle- 
wheel,  driven  by  what  was  known  as  the  side-lever  engine. 
This  form  of  engine  may  be  regarded  as  the  marine  counterpart 
of  the  land  beam  engine,  so  much  in  vogue  in  the  early  part  of 
this  century.  This  type  of  marine  engine,  although  now  entirely 
superseded  in  this  country,  was  brought  to  great  perfection  by 
the  Messrs.  Napier  of  Glasgow,  who  fitted  them  to  many  of  the 
most  famous  passenger  ocean-going  steamers  prior  to  1850.f 

*  8,930  registered  steamers  belonging  to  Great  Britain  in  1888. 

t  The  author  remembers  as  late  as  1866,  being  sent  as  an  apprentice  to 
assist  at  the  repair  of  the  engines  of  the  old  City  of  London  (built  and 
engined  by  Messrs.  Robert  Napier  &  Sons  about  1840),  which  plied  for 
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The  foregoing  diagrams  show  the  general  arrangement  of  these 
engines  : — The  figure  on  the  left  hand  is  a  side  view  of  the  port 
engine,  while  that  on  the  right  hand  is  an  end  view  of  the 
cylinders,  <fcc.,  of  both  engines. 

Each  engine  had  a  pair  of  side  levers,  b,  fixed  to  one  central 
rocking  shaft,  but  on  opposite  sides  of  the  steam  cylinder,  a. 
The  piston-rod  of  the  cylinder  carried  a  crosshead  like  a  large 
T  (clearly  seen  in  the  end  view),  from  which  were  suspended  a 
pair  of  side  rods,  and  those  rods  engaged  with  the  after  ends  of  the 
side  levers.  The  other  or  forward  ends  of  these  side  levers  were 
connected  to  a  single  cross-tailed  connecting-rod  like  an  inverted 
T,  thus  J.,  the  upper  end  of  which  engaged  the  crank  pin,  e.  The 
air-pump  was  also  worked  from  the  main  side  levers  as  shown  at,  </, 
while  the  jet  condenser  was  situated  between  it  and  the  cylinder. 
The  eccentric  with  its  counterpoise  weight  is  seen  at,  /,  and  the 
paddle-wheel  at,  h.  The  whole  engine  rested  on  a  heavy 
cast-iron  girder  sole  plate,  c.  Such  engines  rarely  used  steam 
above  20  lbs.  pressure  on  the  square  inch,  and  made  about  18 
revolutions  per  minute,  or  a  piston  speed  of  not  more  than  200 
feet  per  minute,  with  a  consumption  of  coal  rarely  less  than  7 
lbs.  per  indicated  horse-power-hour;  whereas  now-a-days,  a  steam 
pressure  of  150  lbs.  with  a  piston  speed  of  600  feet,  and  a  coal 
consumption  of  less  than  2  lbs.  are  quite  common.  They  were 
very  heavy,  occupied  great  space,  and  were  often  difficult  to 
start,  requiring  in  the  larger  boats  sometimes  two  or  more  men 
at  the  starting  wheel,  for  steam  hydraulic  starting  gear,  and 
balanced  slide  valves,  had  not  been  devised  in  those  days,  and 
only  one  eccentric  was  used,  so  that  the  slide  valves  had  to  be 
worked  by  hand  until  sufficient  speed  was  attained  to  keep  it  in 
position  for  steaming  either  ahead  or  astern. 

American  Beam  Engine. — This  form  of  engine,  which  is  peculiar 
to  American  river  steamers,  owes  its  characteristic  design  chiefly 
to  Robert  L.  Stevens,  the  son  of  Colonel  John  Stevens,  a  con- 
temporary and  strong  rival  of  Robert  Fulton  in  shipbuilding 
and  marine  engineering  at  the  beginning  of  this  century.  The 
"  skeleton  or  walking  beam "  was  first  designed  by  Robert 
Stevens  in  1822  for  the  Hoboken,  and  in  1827  he  built  the  North 
America,  one  of  the  largest  and  most  successful  river  steamers  at 
that  time.  It  attained  the  then  extraordinary  speed  of  between 
15  and  16  miles  an  hour.  This  vessel  had  a  pair  of  engines  with 
single  cylinders,  each  44J  inches  diameter,  and  8  feet  stroke, 

many  yean  between  London  and  Aberdeen.  The  repair  was  necessitated  by 
the  breaking  of  one  of  the  large  side  levers,  bt  a  circumstance  of  not 
unfrequent  occurrence  with  such  engines.  The  diagrams  on  the  last  page 
give  a  good  idea  of  her  engines. 
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which  made  24  revolutions  per  minute.  In  the  vessel,  he  in- 
troduced for  the  first  time,  what  is  known  in  America  as  the 
"  hog  frame,"  a  simple  and  efficient  form  of  stiffening  truss,  for 
keeping  long,  light,  and  shallow  vessels  in  shape  when  irregularly 
laden,  and  when  steaming  fast  under  the  action  of  powerful  engines. 
The  following  figure,  taken  by  permission  from  Professor 
Thurston's  History  of  the  Steam  Engine,  clearly  illustrates  the 
common  type  of  American  beam  engine,  which  has  been  even  to 
the  present  day  but  slightly  altered  in  general  style  since  it  was 
first  introduced  by  Stevens,  except  that  iron  and  steel  take  the 
place  of  wood  in  the  "  gallows  frame,"  and  a  higher  steam  pres- 
sure, sometimes  as  high  as  60  lbs.  is  now  used : — 


Amebic**  Beam  Engine. 
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"  This  class  of  engine  is  usually  adopted  in  yvmm\n  of  greet 
length,  light  draught,  and  high  speed.  Bnt  one  cylinder  is 
•oonunonly  need.  The  piston-rod  croeshead  is  coupled  to  one 
•end  of  the  beam  by  means  of  a  pair  of  links,  and  the  motion  of 
the  opposite  end  of  the  beam  is  transmitted  to  the  crank  by  a 
long  connecting-rod.  The  beam  has  a  cast-iron  centre,  sur- 
sounded  by  a  wrought-iron  strap  of  lozenge  shape,  in  which  are 
forged  the  bosses  for  the  end  centres,  or  for  the  pins  to  which 
the  connecting-rod  and  the  links  are  attached.  The  main  centre 
of  the  beam  is  supported  by  a  "  gallows  frame  "  of  timber,  so 
arranged  as  to  receive  all  stresses  longitudinally.  The  crank 
and  crank  shaft  are  of  wrought-iron.  The  valve  gear  is  usually 
of  Stevens1  form,  the  combined  invention  of  Robert  L.  and 
Francis  B.  Stevens ;  the  steam  valves  being  of  the  disk  or  poppet 
variety,  rising  and  felling  vertically,  and  are  four  in  number, 
two  steam  and  two  exhaust  valves  being  placed  at  each  end  of 
the  cylinder.  The  condenser  is  placed  immediately  underneath 
the  steam  cylinder.  The  air-pump  is  placed  close  beside  the 
former,  and  worked  by  a  rod  attached  to  the  beam.  Steam 
vessels  on  the  Hudson  River  have  been  driven  by  such  engines 
at  the  rate  of  20  miles  an  hour.  This  form  of  engine  is 
remarkable  for  its  smoothness  of  working,  its  economy  and 
durability,  its  compactness,  and  the  latitude  which  it  permits 
in  the  change  of  shape  of  the  long  flexible  vessels  in  which 
it  is  generally  used  without  injury  by  "getting  out  of  line." 


The  "Steefle"  Eights. 
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as  Maudslay's  (of  London)  double  cylinder  engine,  a  cross  section 
and  side  view  of  which  is  shown  in  the  preceding  figure. 

It  consisted  of  two  equal  cylinders,  placed  side  by  side, 
of  which  there  were  usually  two  sets,  as  shown.  In  order  to 
get  sufficient  length  of  connecting-rod,  the  piston-rods  of  each 
pair  of  fore  and  alb  cylinders  were  connected  to  one  crosshead  of 
T  shape,  the  lower  end  of  which  dipped  down  between  vertical 
guides  placed  betwixt  the  cylinders,  and  was  there  attached  to 
the  lower  end  of  the  main  connecting-rod.  The  air-pumps  were 
worked  as  shown  from  this  same  point  by  smaller  connecting- 
rods  and  levers. 

Oscillating  Engines. — The  oscillating  engine  was  first  used  as  a 
land  engine,  for  we  find  that  in  1785  Murdoch,  the  manager  of 
Messrs.  Boul  ton  &  Watts1  engineering  works  at  Soho,  Birming- 
ham, devised  a  simple  oscillating  engine.  Trevithick  is  also 
reported  to  have  suggested  this  form  of  engine,  but  it  remained 
for  the  well-known  firms  of  Messrs.  John  Penn  &  Son,  of  Green- 
wich, and  Messrs.  Maudslay  &  Field,  of  London,  to  perfect  and 
adapt  it  specially  to  paddle  steamers.  The  general  arrangement 
is  shown  by  the  following  figures,  of  which  the  left  hand  one  is 
a  side  view,  and  the  right  hand  one  an  end  view,  taken  from 
Professor  Bankine's  Steam  and  Steam  Engine : — 


Side  View.— Oscillating  Engine. 


In  these  engines  the  chief  feature  is,  that  the  connecting-rod 
is  altogether  dispensed  with,  the  upper  end  of  the  piston-rod 
being  supplied  with  an  ordinary  connecting-rod  crank  pin  end, 
so  as  to  work  directly  on  the  crank.  The  cylinder  is  usually 
placed  vertically  under  the  crank  shaft,  and  is  carried  on 
two  trunnions  near  the  middle  of  its  length,  so  that  it  may 
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freely  sway  to  and  fro  through  a  small  arc,  and  thus  permit  the 
piston  and  piston-rod  to  follow  the  movements  of  the  crank. 
From  the  following  sectional  elevation  and  plan  (p.  198)  of 
an  oscillating  marine  engine  cylinder,  C,  it  will  be  seen,  that 
the  trunnions  are  hollow,  the  one  next  the  skin  of  the  ship 
being  always  the  steam  trunnion,  ST,  or  that  one  connected 
directly  to  the  steam  pipe  leading  from  the  boiler,  while  the 
inner  or  central  one  is  the  exhaust  trunnion,  ET,  connected 
directly  to  the  condenser.  Both  are  kept  steam  tight  with  a 
stuffing-box  and  gland.  There  are  usually  two  valve  chests  bolted 
to  the  valve  feces,  V  F,  V  F,  placed  on  opposite  sides  of  the 
cylinder,  and  at  equal  distances  from  the  centre  lines  of  the 
trunnions,  so  as  to  balance  each  other  as  they  oscillate  with  the 
cylinder.  A  steam  belt  surrounding  the  cylinder  connects  the 
steam  trunnion  with  the  valve  chests,  and  also  the  exhaust  port 
of  the  valve  casing  with  the  exhaust  trunnion ;  two  diaphragms 
as  shown,  are  cast  in  this  belt  to  prevent  communication  between 
the  entering  and  exhausting  steam,  except  through  the  action  of 
the  slide  valve.  The  top  cover,  TC,  with  its  gland,  G,  and 
stuffing-box  have  to  be  made  stronger  and  deeper  than  in  ordinary 
engines  with  a  connecting-rod  and  piston-rod  crosshead  guide, 
as  they  have  to  withstand  the  side  stress  of  turning  and  stopping 


End  View.— Oscillating  Engine. 


the  momentum  of  the  cylinder,  and  the  piston-rod  has  also  to  be 
made  larger  for  the  same  reason.  A  bottom  cover,  B  0,  is  provided, 
for  the  purpose  of  facilitating  the  casting  and  boring  out  of  the 
cylinder  during  manufacture,  or  getting  in  to  clean  out  or  to 
unscrew  the  piston-rod  nut  on  the  bottom  of  the  piston.    The 
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glide  valve*  which  are  generally  ordinary  D  elide*,  are 

fey  an  ingenious  arrangement  from  eccentrics  on  the  cvaak  shaft, 

as  seen  by  the  ngur©  on  the  opposite  page. 


OSCILLATING  CYLDTOE*. 

Two  eccentrics,  £p  Eg,  generally  cast  and  fitted  on  to  the 
crank  shaft,  OS,  in  two  parts,  communicate  an  up  and  down 
motion  (when  one  or  other  of  them  is  in  full  or  partial  gear), 
through  their  eccentric  rods,  E1 R,  E2  R,  the  link,  L,  and  die- 
block,  D,  to  a  curved  sector,  S,  moving  between*  two  vertical 
guides,  GR  In  this  curved  sector,  S,  are  fitted  two  metal 
blocks,  B},  Bp  attached  to  the  inner  ends  of  two  rocking  levers, 
R  L,,  R  L«,  which  transmit  a  simultaneous  down  and  up  motion 
to  the  cylinder  valve  spindles,  V  Slf  V  Sy  The  rocking  levers 
with  fulcra,  Px,  P?,  are  fixed  to  cylinder  and  curved  round  it  to 
meet  the  valve  spindles.  The  curvature  of  the  sector  is  drawn 
with  a  radius  from  centre  of  trunnion.  When  it  is  required  to 
reverse  the  engine,  the  reversing  rod,  RR>  is  moved  to  the  right  or 
to  the  left  according  as  the  engine  is  required  to  go  ahead  or  astern, 
by  the  starting  wheel,  which  is  usually  fixed  on  the  platform  en 
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•  level  with  the  top  framing  carrying  the  crank  shaft.  Either 
one  or,  if  preferred,  two  air-pumps  are  worked  at  an  angle  from  » 
central  crank  (shown  in  the  figure,  p.  197),  hy  means  of  a  < 
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Valvk  Grab,  fob  Oscillating  Engine. 


CS  for  Crank  Shaft 

Ei,  Ej  „  Eccentrics. 

Ex  R,  E2  R   „  Eccentric  Rods. 
L  „  „        Link. 

R  R  ,,   Reversing  Rod. 

D  „   link  Die-block. 


S  for  Sector. 

GR  ,,    Guide  Rods. 

R  Li,  R  Lj  „    Rocking  Levers. 
Fi»^i  „        „  „     fnlcrav 

Bi,  B,  „    Sector  Blocks. 

VSi,VSs  „    Valve  Spindles. 


ing-rod  attached  to  a  trunked  plunger,  while  the  condenser,  if  of 
the  jet  type,  is  placed  between  the  cylinders,  and  if  of  the  surface- 
kind  either  before  or  behind  them,  but  in  the  centre  line  of  the  ship. 
Between  15  and  25  years  ago,  oscillating  engines  were  by 
far  the  most  popular  kind  of  engines  for  mat  passenger  paddle- 
wheel  steamers  in  this  country.  The  oscillating  engine  was 
usually  worked  at  a  steam  pressure  of  from  30  to  35  lbs.  on  the* 
square  inch,  and  produced  most  economical  results  at  that  pres- 

Digitized  by  G00gle 


200  LECTURE  XIX. 

Bare,  having  sometimes  as  low  a  consumption  as  2}  lbs.  of  coal 
per  indicated  horse-power-hour.  Now,  however,  engines  of  the 
compound  type,  with  an  early  cut-off  and  expansion  valve,  can 
be  made  to  work  much  more  economically  than  this.  A  general 
feeling  exists,  that  the  trunnions  of  oscillating  engines  will  not 
keep  tight  at  very  high  pressures,  such  as  100  or  more  lbs., 
although  some  aver  that  there  is  no  great  practical  difficulty  in 
this  respect.  The  oscillating  form  of  engine  does  not  seem  to 
lend  itself  readily  to  compounding,  and  we  do  not  hear  of  so 
many  being  ordered  as  formerly ;  direct-acting  diagonal  engines 
being  seemingly  preferred.  However,  where  the  economy  of 
compound  engines  does  not  show  to  so  great  advantage,  such  as 
in  the  case  of  steamers  making  quick,  rapid,  short  passages,  with 
frequent  stoppages,  the  oscillating  engine  is  still  a  favourite, 
for  it  is  the  most  compact  and  direct  acting  type  of  engine  we 
have.  It  is  easily  started  and  stopped,  the  weight  of  the 
machinery  is  less  than  in  most  kinds,  and  is  well  down  in  the 
hull  of  the  ship ;  moreover,  the  stresses  are  transmitted  to,  and 
readily  taken  up  by  the  keelson,  and  the  ship's  frames. 

Lecture  XIX.— Questions. 

1.  Referring  to  the  early  history  of  steam  navigation  previous  to  the  begin- 
ning of  this  century,  point  out  the  chief  causes  of  failure  of  early  inventors. 

2.  Give  ao  outline  free-hand  sketch  of  a  "  side-lever  engine,"  with 
index  of  parts,  using  the  first  letters  of  the  names  of  the  parts,  and  state 
why  this  type  of  engine  was  given  up,  and  when. 

3.  Give  an  outline  sketch,  with  index  of  parts,  of  the  "  American  beam 
engine,"  and  state  the  advantages  claimed  for  it,  which  will  account  for  its 
retention,  even  to  the  present  date,  by  the  Americans.  What  is  the  "  hog 
frame/1  and  of  what  use  is  it  ?  Have  you  ever  seen  it  or  the  beam  marine 
engine  applied  in  this  country  ?    If  so,  where  ? 

4.  Sketch  in  outline  a  "steeple  engine"  and  a  "double  cylinder 
engine, "  with  indices  of  the  chief  parts. 

5.  Sketch  in  outline  a  Grasshopper  engine,  and  give  an  index  of  the 
chief  parts.  State  the  advantages  claimed  for  this  form  of  engine,  and  the 
kind  of  steamer  for  which  it  is  best  adapted.  Have  you  ever  seen  an 
engine  of  this  kind  at  work,  and  where  ? 

6.  Describe  an  eccentric  and  eccentric  rod  as  fitted  to  marine  engines, 
and  show  that  they  produce  the  same  motion  as  a  crank  and  connecting-rod. 
How  is  the  eccentric  connected  with  the  slide  valve  in  an  oscillating  engine? 
Give  sketches  and  index  of  parte. 

7.  Describe  the  construction  of  the  cylinder  of  an  oscillating  engine. 
Make  a  diagram  showing  how  the  slide  valves  are  worked  by  the  eccentrics 
as  well  as  the  steam  and  exhaust  passages. 

8.  Describe,  with  sketches,  the  construction  and  arrangement  of  the 
cylinder,  steam  ports,  and  passages,  together  with  the  slide  valve  of  a 
marine  oscillating  engine,  and  show  the  manner  in  which  the  valve  gear  is 
adapted  to  the  oscillating  cylinder.     Sc.  &  A.  Exam.,  1886. 

9.  Describe,  with  sketches,  the  construction  of  an  oscillating  engine,  and 
the  method  of  distributing  the  steam.     {Adv.  8.  and  A.  Exam.,  1889.) 
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LECTURE  XX. 

Contents.— Diagonal  Direct- Acting  Engines,  with  Joy's  Valve  Gear  and 
Alley's  Flexible  Coupling,  Ac.— Paddle- Wheels— Radial  Paddle- 
Wheel— Feathering  Paddle-wheels. 

Diagonal  Direct-Acting  Engines. — This  form  of  engine  is  very 
convenient,  and  is  now  the  most  popular  for  fast  paddle-wheel 
river  steamers  of  light  draught  As  will  be  seen  from  the 
illustrations  which  we  give,  it  is  neither  more  nor  less  than  a 
horizontal  engine  set  at  such  an  angle,  that  the  forward  end  is 
elevated  to  suit  the  necessary  height  of  the  paddle  shaft,  while 
the  after  end  rests  firmly  on  the  ship's  floor  frames.  It  no  doubt 
takes  up  a  larger  fore  and  aft  space  than  the  oscillating  type,  but, 
on  the  other  hand,  it  occupies  less  space  athwart-ship,  and  when 
the  framing  is  carefully  designed,  using  wrought-iron  and  steel 
wherever  possible  (instead  of  the  older  style  of  cast-iron  framing), 
the  weight  per  horse-power  does  not  in  all  probability  exceed 
that  of  its  chief  rival  the  oscillating  engine.  The  weight  is  also 
better  distributed  along  the  keel  of  the  ship,  and  the  stresses  set 
up  by  its  action  are  chiefly  in  a  fore  and  aft  and  downward 
direction,  and  therefore  easily  resisted  by  the  natural  structure  of 
the  vessel.  Moreover,  the  chief  working  parts  are  in  full  view 
of  the  engineer  while  at  the  starting  wheel,  the  engine  is  readily 
got  at  for  adjustment  and  repairs,  easily  compounded,  and  all  the 
most  modern  and  efficient  devices  for  quickly  starting,  stopping, 
and  reversing,  or  for  economising  steam  are  easily  applied  to  it. 
We  illustrate  one  of  the  latest  of  these  popular  diagonal  direct- 
acting  engines,  of  which  eight  sets  with  their  boilers,  <kc.,  were 
made  last  year  (1885)  by  Messrs.  Alley  &  Maclellan,  Sentinel 
Works,  Glasgow,  for  steamers  now  trading  on  some  of  the  large 
rivers  in  India. 

By  studying  the  two  figures,  along  with  the  index  of  parts,  the 
student  will  be  able  to  get  a  minute  idea  of  the  general  arrange- 
ment of  boilers  and  engines,  but,  in  order  that  he  may  the  better 
grasp  the  construction  of  the  engines,  we  illustrate  a  perspective 
view  of  them  as  they  lay  in  the  workshop  before  being  removed 
and  fitted  into  the  steamers.  It  will  be  observed  that  they  are 
compound  condensing  engines,  and  are  fitted  with  all  the  latest 
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QtMXnOLAJU  Lonoitucinal  Abravgexbnt. 
Diagonal  Cokfound  Ewonre  ahd  Bora. 

improvements,  such  as  Joy's  valve  gear  and  Alley's  flexible  main 
shaft  coupling.  As  these  two  improvements  or  modifications  of 
them  are  mat  coming  into  use,  we  shall  illustrate  and  describe 
them. 

Jotfa  Patent  Valve  Gear  is  a  clever  device,  whereby  the 
necessary  motion  of  the  slide  valve,  and  the  facility  for  reversing 
the  engine,  are  effected  by  a  series  of  links  and  connections  between 
the  connecting-rod  and  the  valve  spindle,  thus  replacing  the 
ordinary  double  eccentrics  and  Stephenson's  link-motion.  The 
motion  obtained  by  it  is  a  very  perfect  one  for  a  slide  valve,  for 
the  travel  of  the  valve  is  made  quick  on  opening  and  on  shutting  off 
steam  to  the  cylinder,  and  slow  when  the  steam  is  expanding  and 
exhausting.     This  is  effected  without  any  undue  lead  or  com* 
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pression,  or  too  early  an  exhaust.  The  space  usually  occupied  by 
eccentrics  on  the  crank  shaft  is  saved,  and  thus  the  cylinders  and 
the  cranks,  as  well  as  the  main  bearings!  can  be  brought  much 
closer  together. 

At  a  joint,  J,  on  the  conneetiag*od,  C  It,  is  attached  a  double 
link,  Lx  L},  about  £  along  thk  double  link  is  attached  a  pair  of 


C* 
B 
F 
G 

svs 

SP 
Bl. 

L, 

S 

sw 
vc 
c 


„  OmI  (bunker)  door. 

,,  Boiler. 

„  Funnel. 

„  Gauge  pipe  to  indicate 

height  of  water. 
„  Safety  valves. 
„  Stop  valve. 
„  Steam  pipe. 
„  Door  to  engine  room. 
„  Windows  „ 

„  Ladder  „ 

„  Seat  for  Engineer. 
,,  Starting  wheel 
,,  Valve  casing. 
„  Cylinder,  low  press ore. 


EP 

WS 

SCo 

CP 

IV 

DP 

AP 

HW 

CR,CR 

cs 

FC,  FC 
PS,PS 
PW 
EB,EB 


Exhaust  pipe. 

Wrooght-iroo  stanchion. 
Surface  condenser. 
Circulating  pump. 

„  inlet  valve. 

„  discharge  pipe. 
Air-pump. 
HotrWelL 
Connecting-rods. 
Crankshaft. 
Flexible  couplings. 
Paddle  shafts. 
Paddle- wheel 
Outer  ecoentric  bear* 

sags  for  feathering 
floats. 
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Alley  and  Maclellan's  Compound  Diagonal  Engines. 
Dimensions  of  Compound  Diagonal  Engines,  &a 


Steak  u. 

Ore  Boats  (Stmu. 

Exacts*. 

Builders'  measurements  333  tons 

Diameter 

=  11  ft.  6  In 

Diameter  H.P.  cyL         =  33  In. 

Length       .        .        =  HO  feet. 

Length 

=  i>  ft.  6  in. 

LP.  cyl.         =37|  In. 

bwn          .                 =  18  feet 
Depth  of  hold      .        =  7  ft  6  in. 

Thicknen  of  shell 

13 « 
=  lcin* 

Length  of  Stroke           =  So  in. 
Na  of  stroke*  per  min.  =  44 

Speed.                        =rl4|ktn. 
weight  of  Engine*       =  32  tons. 

Furnaces 

—  Two. 

(Jut  off  in  each  cyL         =  15  in. 

Tabes  . 

—  192 

Indicate  i  Horse-Power  =  »00. 

Boilers  in 

„     Diameter 

=  3*ln.O.D 
=  U  sq.  ft. 

Diameter  of  Paddles      =  13  ft 

working  trim          =  33  toot. 

Grate  surface 

Breadth    .       .              =«ft 

Total  beating  surface 

)  =  129Ssq.lt 

Immersion      .             =  3ft.3in. 

Pressure 

=  100  lbs. 
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links,  Lp  the  upper  ends  of  these  being  coupled  first  to  sliding 
blocks,  S  B  (working  in  curved  guides,  0  G),  and  the  ex- 
treme end  to  the  valve  connecting-rod,  V  R,  which  terminates 
at  and  is  fixed  to  the  valve  spindle,  V  S,  with  its  accompanying 


Joy's  Patent  Valve  Gear. 


slide  valve,  S  Y.  The  lower  end  of  the  double  links,  L,  L„  in 
connected  to  a  radial  rod  or  link,  L3,  terminating  in  a  fulcrum, 
F,  fixed  to  a  bracket  on  the  high-pressure  cylinder    HPO, 
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wherein  is  shown  the  piston,  P,  and  piston-rod,  P  E.  Precisely 
the  same  arrangement  is  carried  out  with  respect  to  the  low- 
pressure  cylinder  and  slide  valve.  The  double  (curved)  guide, 
0  G,  is  free  to  move  to  the  right  or  to  the  left  in  bearings 
carried  by  the  main  framing  brackets,  FB  (see  also  the  per- 
spective and  general  views  of  the  engine).  The  reversing  or 
starting  wheel,  S  W,  is  keyed  at  the  upper  end  of  the  reversing 
screw,  R  S,  which  screw  has  a  nut,  N,  fixed  to  the  reversing 
levers,  R  L. 

It  will  thus  be  seen,  that  the  combined  to-and-fro,  up-and-down 
motion  of  the  connecting-rod,  is  converted  and  transmitted  to 
the  valve  spindle,  in  the  form  of  a  merely  to-and-fro  motion. 
The  eccentricity  of  the  connecting-rod's  motion  being  duly 
corrected  by  the  relative  positions  and  lengths  of  the  several 
links,  Lj,  Lj,  Lg,  <kc,  and  that  by  elevating  the  nut,  N,  by  the 
reversing  screw,  R  S,  the  curved  guides,  0  G,  are  turned 
backwards  or  from  the  cylinder ;  this  action  draws  forward  the 
valve  rod  with  valve  spindle  and  slide  valve,  admitting  steam 
behind  the  piston,  and  causing  the  engine  to  move  forward,  or 
in  other  words  putting  it  in  forward  gear,  while  the  depressing 
of  the  nut,  N,  effects  precisely  the  opposite,  and  causes  the 
engine  to  revolve  backwards.  All  the  joints  are  made  very  sub- 
stantial and  should  be  case-hardened,  while  their  pins  should 
be  of  steel  to  prevent  wear  and  obviate  rattling. 

Alley's  Patent  Flexible  Coupling. — The  engines  being  described 
were  fitted  with  this  invention,  which  allows  the  paddle  shaft  to 


Face  op  Coupling. 


Longitudinal  'Section. 


accommodate  itself  to  the  yielding  of  the  paddle  boxes  and  the 
hull  of  the  vessel  as  it  vibrates  and  changes  form  when  working 
in  a  sea-way.  It  is  equally  applicable  to  the  shafting  of  screw 
steamers.  The  hull  of  a  vessel  cannot  be  made  absolutely 
rigid,  and  therefore  it  is  wrong  to  make  the  shaft  rigid.     With 
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a  rigid  shaft  and  a  flexible  hull  the  result  k  an  enormous 
amount  of  friction  in  the  bearings,  which  consumes  power,  and 
often  causes  the  bearings  "to  fire."  Scarcely  a  month  passes 
that  we  do  not  hear  of  some  steamer  breaking  a  main  shaft, 
often  to  the  danger  of  life  and  property,  and  this  in  many 
instances  may  be  traced  to  a  want  of  trueness  in  the  line  of  the 
bearings,  due  to  the  vessel  having  warped  from  uneven  stowage, 
or  from  having  encountered  heavy  weather. 

The  coupling  consists  of  a  projection  formed  on  the  end  of  the 
paddle  shaft,  P  S,  which  is  part  of  a  ball,  the  centre  of  this 
projection  being  formed  into  a  blunt  point  at,  p.  This  point 
rests  hard  against  the  crank  shaft,  OS,  and  transmits  any 
thrust  along  the  line  of  shafting.  The  outside  of  the  projection 
is  clasped  by  the  coupling  ring,  C,  turned  to  fit  the  ball  joint. 
This  ring,  0,  is  made  in  halves  (as  may  be  seen  by  the  end 
view),  and  is  secured  to  the  crank  shaft  by  means  of  the  driving 
bolts,  D  B.  The  concave  portion  of  this  ring  takes  any  pull 
that  may  come  on  the  shaft  along  the  line  of  shafting.  The 
ends  of  tho  driving  bolts,  D  B,  project  as  shown  into  holes 
in  the  paddle  shaft,  PS,  and  thus  act  as  drivers.  These 
projecting  pins  are  made  2£  times  the  diameter  of  the  bolts 
usually  employed  for  main-shaft  coupling  flanges.  These  pins 
are  slightly  barrel-shaped  in  form,  and  made  an  easy  fit  for  the 
holes  in  which  they  work.  The  holes  are  lined  with  hard  steel 
bushes,  S  B,  while  the  pins  are  case-hardened  to  prevent  chafing 
and  wearing  away.  It  will  be  observed  that  there  is  a  small 
space  left  clear  between  the  paddle  shaft  flange  and  the  coupling 
ring,  0,  to  permit  of  perfect  up  and  down  or  side  play,  or 
un-linement  between  the  crank  and  paddle  shafts  for  the  reasons 
already  mentioned. 

Belief  Valves. — On  referring  to  the  perspective  view  of  the 
engines,  it  will  be  seen  that  relief  valves,  R  Y,  are  fitted  not 
only  to  the  front  and  back  of  the  high-  and  low-pressure  cylinders, 
but  also  to  the  back  of  the  low-pressure  slide  valve  casing,  for 
the  purpose  of  preventing  damage  to  these  parts  through  water 
gathering  in  them.  These  relief  valves  consist  of  ordinary  mush- 
room valves,  held  down  by  strong  spiral  springs,  and  adjusted  to 
any  desired  pressure  by  hand  wheels  and  screws,  as  shown. 

Drain  Cocks,  D  0,  are  fitted  to  the  back  of  the  high-pressure 
slide  valve  casing,  and  to  the  bottoms  of  both  cylinders.  The 
pipes  leading  from  them  are  all  connected  to  the  condenser. 
These  cocks  are  opened  before  starting  the  engines,  so  as  to  clear 
away  any  water  that  may  have  resulted  from  condensation  of 
steam,  and  also  when  the  engines  have  to  be  stopped-  for  any 
length  of  time. 
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Paddle -Wheels.—  Having  briefly  described  the  different  forma 
of  engines  used  for  driving  paddle-wheels,  we  now  naturally 
refer  to  the  wheels  themselves,  leaving  a  description  of  the  screw 
propeller  until  after  we  have  noticed  the  styles  of  engines  more 
particularly  adapted  to  driving  it. 

The  efficiency  of  the  paddle-wheel  falls  off  when  the  wheel  is 
too  deeply  immersed,  consequently  for  long  voyages,  where  the 
draught  of  the  vessel  decreases  as  it  proceeds,  due  to  consumption 
of  coal,  <bc.,  if  the  wheels  are  to  be  immersed  to  the  proper 
depth  at  the  end  of  the  voyage,  they  must  of  necessity  be  too 
deep  at  the  beginning.  This  variable  immersion  of  paddle-wheels 
is  the  most  serious  objection  to  their  use  for  long  voyages.  Also, 
in  a  heavy  sea  the  rolling  of  the  vessel,  besides  causing  the 
engines  to  race,  induces  unequal  straining  of  the  machinery, 
since  one  wheel  lifts  out  of  the  water,  while  the  other  sinks 
more  deeply  in  it  Neither  of  these  disadvantages  is  found  in 
the  screw  propeller,  for  the  screw  is  immersed  considerably 
below  the  surface  of  the  water,  and  since  it  is  placed  in  the 
centre  line  of  the  ship,  the  rolling  motion  has  no  effect  on  it. 
The  heaving  of  the  ship  in  a  fore  and  aft  direction  causes  racing 
of  the  engines,  but  no  unequal  straining  is  set  up.  For  short 
voyages,  however,  and  where  the  draught  is  practically  un- 
changed during  the  voyage,  the  paddle-wheel  still  holds  its  own 
with  the  screw,  and  for  navigation  in  shallow  rivers  it  is  very 
valuable;  the  screw,  in  such  a  case,  being  quite  unsuited,  on 
account  of  its  nearness  to  the  bottom  of  the  vessel.  The  vibra- 
tion set  up  by  the  motion  of  paddle  engines  also  is  not  so  great 
as  that  from  the  fast-running  engines  necessary  for  the  screw 
propeller. 

Radial  Paddle-Wheel. — This  form  of  wheel  is  the  simplest, 
strongest,  least  expensive,  and  least  liable  to  derangement,  but 
is  also  unfortunately  the  least  efficient.  It  consists  of  radial  arms, 
which  are  attached  to  a  cast-iron  boss  at  the  centre,  and  are 
bound  at  their  outer  extremities  by  one  or  two  wrought-iron 
rings.  Flat  boards  are  fixed  rigidly  to  these  radial  arms,  parallel 
to  the  axis  of  the  wheel,  and  are  known  as  "  floats,"  and  it  is 
the  thrust  or  push  which  these  boards  or  floats  exercise  upon 
the  water  as  the  wheel  rotates,  which  propels  the  vessel.  The 
floats  of  a  wheel  of  this  kind,  of  necessity  enter  and  leave  the 
water  in  an  oblique  manner,  and  are  only  perpendicular  to  the 
surface  of  the  water  when  they  come  immediately  below  the 
centre  of  the  wheel.  Therefore,  since  the  pressure  which  a  float 
produces  is  perpendicular  to  its  surface  (i.e.,  perpendicular  to 
the  radius  of  the  wheel),  it  is  only  when  the  floats  are  passing 
their  lowest  point,  that  the  wJiole  pressure  they  exert  is  utilised 
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in  propelling  the  vessel ;  in  all  other  positions,  it  is  only  the 
horizontal  component  of  the  pressure  which  exercises  any  pro- 
pelling effect,  and  the  greater  the  obliquity  of  action,  the  less  is 
this  horizontal  component.  A  large  proportion  of  the  power 
spent  in  driving  paddle-wheels  of  this  form,  is  wasted  in  beating 
and  churning  the  water  with  the  floats,  when  these  are  in 
positions  on  either  side  of  the  vertical  line  through  the  centre. 
The  deeper  the  immersion  of  the  radial  paddle-wheel,  and  the 
smaller  its  diameter  for  a  given  depth  of  immersion,  the  greater 
is  the  obliquity  of  action,  and  therefore  the  greater  is  the  loss  of 
efficiency. 

Radial  wheels  are  sometimes  made  in  such  a  way  that  the 
floats  can  be  quickly  detached  and  fixed  in  positions  nearer  the 
centre  of  the  wheel.  This  is  advantageous,  when  from  an 
increased  load,  the  draught  of  the  vessel  becomes  greater,  thus 
causing  greater  immersion  of  the  paddle-wheels,  since  then  the 
diameter  of  the  wheel  is  reduced,  and  thus  by  reducing  the 
immersion  of  the  floats,  diminishes  the  loss  from  oblique  action. 
This  operation  is  known  as  reefing  the  paddle-wheels. 

Radial  wheels,  double  the  diameter  of  feathering  ones,  are 
about  equal  in  efficiency,  but  then  the  engine  is  quite  twice  as 
heavy.     See  American  Engine. 

FectfJiering  Paddle~WheeU. — This  form  of  paddle-wheel,  as 
illustrated,  is  designed  with  the  object  of  getting  rid  of  the  dis- 
advantages which  arise  from  the  obliquity  of  action  of  the  radial 
wheel. 

The  floats  are  not  fixed  rigidly  to  the  radial  arms,  but  are 
hinged  to  them,  and  are  provided  with  levers,  G  L,  so  that  they 
may  be  turned  into  any  position.  These  levers  are  connected 
by  rods  to  a  boss  or  eccentric  strap,  E,  which  rotates  on  a  central 
fixed  pin  on  the  sponson  beam.  This  central  pin  is  so  placed  in 
relation  to  the  centre  of  the  wheel,  that  the  floats  enter  the 
water  edgewise,  and  when  in  the  water,  are  kept  by  the  levers 
in  a  position  nearly  perpendicular  to  its  surface.  The  radial 
arms  of  the  paddle-wheel,  F,  are  forged  with  small  brackets  on 
them  at  right  angles  to  their  lengths,  so  as  to  receive  the  round 
pins  about  which  the  floats  hinge. 

To  find  the  position  of  the  eccentric  pin  in  order  that  the 
floats  may  enter  the  water  edgewise,  and  pass  through  it  nearly 
perpendicular  to  its  surface,  the  following  simple  construction  is 
necessary: — Suppose  the  lower  edge,  P,  of  a  float  to  be  just 
entering  the  water,  then,  in  order  that  the  float  may  enter  edge- 
wise, the  resultant  of  its  own  velocity  of  rotation  and  the 
horizontal  velocity  of  the  vessel,  must  lie  in  the  plane  of  the  float. 
Let,  F  A,  represent  the  velocity  of  the  vessel,  and,  F  B,  that  of 
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the  wheel  (drawn  tangential  to  a  circle  which  has,  0,  as  centre, 
and  passes  through,  P),  then,  completing  the  parallelogram,  P  R 
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is  the  resultant,  and  the  plane  of  the  float  must  contain  F  R. 
Produce,  R  P,  to  cut  the  vertical  through  the  centre,  C,  at,  Ax, 
and  at  right  angles  to  the  line,  It  Ax  (which  is  the  line  of  the 
float) ;  lay  off,  H  G,  equal  to  the  distance  from  the  face  of  the 
float  to  the  centre  of  the  hinge,  and,  G  L,  equal  to  the  length  of 
the  lever.  Now  set  off  in  outline  another  float  immediately 
under  the  centre  of  the  wheel,  with  its  face  perpendicular  to  the 
surface  of  the  water,  and  having  the  end  of  its  lever  at  M. 
With,  M,  and,  L,  as  centres,  and  radius  equal  to,  G  0,  describe 
arcs  intersecting  at,  E,  then,  E,  is  the  centre  of  the  eccentric 
pin.  Having  thus  determined  the  position  of,  E,  the  complete 
wheel  may  be  drawn  down  and  the  proper  pitch  given  to  the 
floats.  In  actual  practice  the  probable  slip  of  the  paddle-wheel 
has  to  be  taken  into  account,  and,  therefore,  a  smaller  circle  than 
that  with  radius,  0  G,  will  be  the  rolling  circle.  The  floats  must, 
therefore,  be  so  adjusted  by  moving  the  eccentric,  E,  that  when 
entering  and  leaving  the  water  they  shall  point  to  a  position 
on  the  vertical  centre  line,  considerably  higher  than  the  point, 
Ap  as  shown  by  the  right-hand  figure.  It  is,  however,  advisable 
to  make  the  floats  enter  the  water  a  little  flatter  than  the 
position  so  calculated  for  the  assumed  amount  of  slips,  in  order 
that  the  pressure  of  the  water  shall  not  come  on  the  forward 
side  of  the  floats.  The  speed  of  the  paddle-wheel  and  of  the 
ship  should  be  carefully  compared  on  the  trial  trips,  and  the 
eccentric  shifted,  if  need  be,  until  the  best  results  are  obtained 
A  considerable  increase  of  speed  of  certain  ships  has  been 
recorded  by  thus  finding  the  most  suitable  place  for  the  feather- 
ing eccentric 

The  feathering  paddle-wheel,  although  much  more  efficient 
than  the  radial  wheel,  is  more  liable  to  derangement,  since  any 
accident  to  the  feathering  apparatus  would  paralyse  the  action  of 
the  entire  wheel.  For  this  reason  it  did  not  find  general  favour 
when  first  introduced,  but  now  it  is  almost  universally  adopted. 
It  requires  to  be  made  specially  strong,  and  all  the  pins  and 
wearing  parts  should  be  cased  with  brass  to  prevent  corrosion. 
The  boss  or  eccentric,  E,  which  carries  all  the  rods  for  feathering 
the  floats,  runs  loose  on  the  fixed  eccentric  pin,  and  is  turned 
round  by  one  specially  strong  rod,  known  as  the  driving  or  king 
rody  shown  at  L  E.  The  floats  for  large  paddle-wheels  are  now 
frequently  made  of  steel  and  curved  slightly  concave,  ) — ■* 
towards  the  direction  of  meeting  the  water  when  steaming 
ahead. 


Digitized  by 


Google 


212  LECTURE   XX. 


Lecture  XX.— Questions. 

1.  Sketch  and  describe  by  an  index  of  porta  a  side  and  an  end  view  of 
the  general  arrangement  of  diagonal  direct-acting  engines,  as  fitted  into  a 
river  passenger  steamer,  including  the  boiler. 

2.  Why  are  compound-diagonal  direct-acting  engines  preferred  to 
oscillating  or  other  kinds  of  engines  for  shallow  river  paddle-wheel 
steamers? 

3.  Sketch  and  describe  by  an  index  of  parts,  side  views  and  a  plan  of  a 
compound  direct-acting  diagonal  engine. 

4.  Sketch  and  describe  by  an  index  of  parts,  Joy's  valve  gear,  pointing 
out  its  advantages  and  disadvantages  as  compared  with  eccentrics  ana 
link-motion. 

5.  Steamer  main  shafts  often  break,  or  their  bearings  give  trouble  bv 
heating,  account  for  this,  and  describe  a  plan  or  plans  for  alleviating  this 
eviL 

6.  Sketch  and  describe  a  simple  radial  paddle-wheel.  For  what  reasons 
has  this  form  of  wheel  been  abandoned  ? 

7.  Sketch  and  describe,  by  an  index  of  parts,  a  modern  feathering  float 
paddle-wheel.  What  advantages  has  it  over  the  older  form  of  paddle- 
wheel  ? 

8.  Describe  how  you  would  design  and  construct  the  arms,  floats,  and 
feathering  arrangements  for  a  paddle- wheeL 

9.  Describe,  with  such  sketches  as  you  think  necessary,  some  method 
of  constructing  a  paddle  wheel  with  feathering  floats.  Why  has  Buchanan's 
method,  of  causing  the  floats  to  dip  into  the  water  vertically,  not  been 
adopted  in  practice?    (8.  and  A.  Exam.,  1890.) 
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LECTURE  XXL 

ConTJUiTg. — Early  Invention  of  the  Screw  propeller — Geared  Engines— 
Penn's  Trunk  Engine— Mandslay's  Return  Connecting-rod  Engine- 
Horizontal  Direct-Acting  Engine— Vertical  Direct- Acting  Engines. 

Early  Invention  of  the  Screw  Propeller.— As  we  remarked 
before,  when  reviewing  the  early  history  of  the  marine  engine 
prior  to  the  beginning  of  this  century,  Daniel  Bernouilli  invented 
in  1752  a  screw  propeller  which  he  proposed  to  drive  by  a  steam 
engine,  and  John  Fitch  experimented  with  a  little  screw  steam- 
boat on  the  "Collect"  Pond,  New  York,  in  1796.  In  1804, 
Colonel  John  Stevens  of  Hoboken,  America,  completed  a  steam- 
boat 68  feet  long,  and  14  feet  beam,  which  he  fitted  with  a  water 
tubular  boiler,  and  a  direct-acting  high-pressure  condensing 
engine,  having  a  10-inch  cylinder  of  2  feet  stroke,  driving  a  screw 
with  4  blades,  and  of  a  form  which  even  at  the  present  day 
appears  quite  good.* 

A  model  of  his  boiler,  engine,  and  screw,  is  preserved  in  the 
Mechanical  Engineering  Lecture  Room,  at  the  Stevens'  Institute 
of  Technology.  In  1805,  Stevens  built  another  boat,  introducing 
twin  screws.  Several  other  engineers  proposed,  and  some  of  them 
tried,  screw  propulsion,  but  it  was  not  brought  into  general  use 
until  John  Ericsson,  a  Swedish  engineer  residing  in  England, 
and  E.  P.  Smith,  an  English  farmer,  perfected  and  pushed  its 
introduction  in  Great  Britain,  and  in  America,  in  1836-37. 

Geared  Engines. — Within  a  few  years  from  this  date,  the  style 
and  speed  of  steamship  engines  became  entirely  altered  from 
what  had  been  used  in  connection  with  the  paddle-wheel ;  yet, 
engineers  naturally  tried  at  first  to  adapt  the  then  existing  forms 
of  paddle-wheel  engines  to  drive  the  screw.  The  screw  has,  how- 
ever, to  be  run  at  many  more  revolutions  per  minute  than  the 
paddle-wheel,  and  since  engineers  in  those  days  regarded  any- 
thing over  200  feet  per  minute  of  piston  speed  as  dangerous,  or 
likely  to  derange  their  machinery,  they  preferred  to  get  up  the 
necessary  speed  by  gearing.  Thus,  beam,  side-lever,  oscillating, 
and  some  of  the  various  other  forms  of  engines  already  mentioned 
in  Lecture  XIX.,  were  made  to  do  duty  in  driving  the  screw 
propeller  by  means  of  stepped  cog-wheels.  Shortly  after  the 
successful  commercial  introduction  of  the  screw  as  a  propeller  for 

*  See  Prof.  Thurston's  History  of  the  Steam  Engine. 
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merchant  ships,  the  Admiralty  were  induced  to  build  two  ships  of 
the  same  model  and  size,  viz.,  the  Battler  and  the  Alecto,  fitted 
with  engines  of  the  same  power,  but  the  former  was  provided 
with  a  screw,  and  the  latter  with  paddle-wheels.  A  series  of 
competitive  trials  were  made  with  these  two  vessels,  and  the 
great  success  of  the  Battler  so  satisfied  the  Admiralty  and  all 
engineers  of  the  advantages  possessed  by  the  screw,  that  it  very 
soon  came  to  be  generally  adopted  for  ocean-going  steamers.  By 
gradual  steps  and  improvements  in  the  arrangement,  and  con- 
struction of  the  machinery,  direct-acting  fast-speed  engines  were 
adopted,  until  nowadays  a  piston  speed  of  700  feet  per  minute 
is  not  uncommon. 

We  now  propose  to  briefly  notice  a  few  of  the  most  successful 
styles  of  screw-driving  engines  before  explaining  the  screw  itself, 
and  in  a  future  lecture  we  shall  describe  in  full  detail  a  set  of 
compound  inverted  cylinder  vertical  engines.  In  the  navy,  where 
the  machinery  has  to  be  placed  below  the  water  line,  the  three 
principal  types  of  horizontal  engines  that  have  in  turn  found 
favour  with  the  Admiralty,  are — (1)  Trunk,  (2)  Return  Connect- 
ing-rod, and  (3)  Horizontal  direct-acting.  In  the  merchant 
service,  the  vertical  inverted-cylinder  direct-acting  engine  has 
been  generally  adopted  for  the  last  thirty-five  years. 

Penn's  Trunk  Engine.— The  difficulty  of  obtaining  a  sufficiently 
long  stroke  from  the  direct-acting  horizontal  engine  in  the  case  of 
a  man-of-war,  where  the  engines  had  to  be  placed  as  near  the 
keel  of  the  ship  as  possible,  was  solved  by  Mr.  John  Penn  of 
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Greenwich.  He  hinged  the  connecting-rod  direct  to  the  centre 
of  the  piston  by  means  of  a  gudgeon,  surrounded  by  a  brass 
cylindrical  case  or  trunk,  concentric  with  the  steam  cylinder,  as 
seen  in  the  following  figure.  This  trunk  was  fixed  to  the 
piston,  and  protruded  from  each  end  of  the  cylinder  through 
stuffing  boxes,  thereby  not  only  giving  additional  support  to  the 
piston,  but  also  permitting  access  for  oiling  the  gudgeon  and 
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connecting-rod  end,  and  preserving  an  equal  area  to  the  pressure 
of  the  steam  on  both  sides  of  the  piston. 

Seaton,  in  his  Manual  of  Marine  Engineering,  says — "This 
engine  is  the  lightest  and  most  compact  of  all  the  forms  of 
marine  screw  engines,  when  constructed  of  the  same  materials  ; 
and  for  large  sizes  with  the  lower  steam  pressures,  has  been 
unsurpassed  by  any  other  type  of  engine.  The  length  of  stroke 
is  considerably  more  than  that  of  the  ordinary  direct-acting 
engine,  and  the  connecting-rod  much  longer  than  that  of  any 
other  form,  being  from  two  and  a  half  to  three  times  the  length 
of  the  stroke  ;  the  weight  of  the  piston  is  taken  by  the  trunks  in 
a  great  measure,  and  there  are  no  piston-rod  guides.  But  with 
the  increase  of  pressure  the  defects  of  this  form  become  more 
apparent,  and  lie  with  the  very  part  that  distinguishes  it — viz., 
the  trunk. 

"  The  friction  of  the  large  stuffing-boxes  is  very  great;  in  fact, 
may  be  so  great  by  unduly  tightening  the  glands  as  to  stop  the 
engine.  The  loss  of  heat  from  the  large  surface  of  the  trunks 
being  alternately  exposed  to  steam  and  to  the  atmosphere,  is 
very  great,  as  is  also  that  from  their  inner  surfaces.  The 
gudgeon  brasses  are  exposed  to  a  very  high  temperature  and 
liable  to  become  heated,  and  when  heated  cannot  easily  be 
cooled,  as  from  their  position  they  are  not  readily  adjusted. " 

Penn  arranged  his  engine  so  that  the  direction  of  motion  of  its 
crank  when  going  ahead  caused  the  thrust  of  the  connecting-rod 
to  be  upward,  and  thus,  as  far  as  possible,  to  relieve  the  bottom 
of  the  cylinder  from  the  tear  and  wear  due  to  the  weight  of  the 
piston.  Some  of  the  largest  and  most  powerful  ships  in  the 
British  Navy  have  been  engined  with  this  Trunk  form,  such  as — 
H.M.S.  Neptune,  9000 1.H.P.,  ELMS.  Sultan,  Hercules,  Minotaur, 
Northumberland,  Warrior,  Black  Prince,  Devastation,  Ac. 

Maudslay's  Return  Connecting-Rod  Engine. — Another  modi- 
fication of  the  horizontal  engine,  or  rather  of  the  old  steeple 
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form,  is  that  known  as  the  return  connecting-rod,  by  which  the 
same  object  is  attained  as  in  the  last  type,  viz.,  a  sufficiently 
long  stroke  and  connecting-rod  in  the  narrow  cramped  space  of  the 
hold  of  a  vessel.  The  general  arrangement  will  be  at  once 
understood  from  the  preceding  figure. 

By  the  above  design,  the  cylinder  may  be  got  close  up  to  the 
turning  range  of  the  crank  pin  and  connecting-rod  head,  that  a 
longer  stroke  is  obtainable  than  by  any  other  plan  of  horizontal 
engine  arrangements.  The  difficulty  in  small  engines  of  getting 
in  a  small  high-pressure  cylinder  alongside  of  the  larger  low- 
pressure  one  (with  the  object  of  compounding  the  engines),  owing 
to  the  necessity  for  two  piston-rods  from  each  cylinder  clearing 
the  crank  shaft,  is  overcome  in  most  instances  by  placing  the 
high-pressure  cylinders  immediately  behind  the  low-pressure 
ones — tandem  fashion — with  one  piston-rod  only,  protruding 
from  behind  each  of  the  low-pressure  cylinders,  and  attached  to 
the  high-pressure  piston.  The  chief  objections  urged  against 
this  form  of  engine  are — (1)  The  double  piston-rods  from  the  front 
ends  of  both  cylinders ;  this  entails  double  the  number  of 
stuffing-boxes,  and  the  keeping  of  the  crank  shaft  bearings  from 
being  close  to  the  crank  arms.  (2)  The  eccentric-rods  are  also 
of  necessity  very  short,  unless  placed,  as  is  sometimes  done,  on 
the  same  side  as  the  connecting-rod.  The  engines  of  H.M.S. 
Monarch  and  Raleigh  are  of  this  type,  and  have  four  piston-rods 
to  each  cylinder. 

Horizontal  Direct-Acting  Engine. — This  form  of  engine  having 
its  connecting-rod  directly  between  the  piston-rod  crosshead 
(on  the  cylinder  side)  and  the  crank  is  certainly  the  simplest  and 
most  convenient  type  for  a  gun-boat  or  large  naval  vessel,  where 
sufficient  room  can  be  obtained.  Most  of  the  late  Admiralty 
orders  are  being  constructed  on  this  plan,  e.g.f  the  Australia 
and  Galatea  by  Messrs.  Robert  Napier  &  Sons,  and  the  six 
ships  of  the  Scout  and  Archer  class*  by  Messrs.  J.  &  G.  Thomson 
of  Clydebank. 

They  have  the  same  essential  parts,  and  work  on  the  same 
principle  as  the  compound  inverted-cylinder  engines  which  we 
shall  describe  in  the  next  lecture ;  and  we  only  omit  explaining 
and  illustrating  their  distinctive  features  and  details  from  want 
of  time,  space,  and  diagrams  at  our  disposal. 

Vertical  Direct-Acting  Engines. — The  simplest  form  of  marine 
engine  used  for  small  tug-boats  and  for  steam  launches  at  the 
present  time,  is  that  of  the  compound  inverted-cylinder  non- 
condensing  type.     The  following  illustration  shows  the  general 

*  For  perspective  views  and  a  description  of  the  Scout's  engines,  see  The 
Engineer,  December  18,  1886. 
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arrangement  of  one  of  a  pair  of  these  small  engines  manufactured 
by  Messrs.  Alexr.  Shanks  &  Son,  of  Arbroath ;  from  which  it 
will  be  seen,  that  the  high  and  low-pressure  cylinders  are 
supported  at  the  back  upon  two  cast-iron  columns,  and  at  the 
front  by  two  wrought-iron  stanchions.  All  four  supports  are 
fixed  to  a  strong  cast-iron  sole-plate,  which  is  bolted  to  the 
ship's  floors.  The  back  columns  form  the  guides  for  the  cross- 
heads  of  the  piston-rods.     The  valve  casings  are  placed  on  the 


Shank's  Compound  Non-Condensino  Engine. 


fore  and  aft  ends  of  the  cylinders,  which  admits  of  the  slide 
valves  being  readily  inspected  and  adjusted.  The  slide  valves 
are  worked  and  reversed  by  the  ordinary  double  eccentrics  with 
link-motion.     A  boiler  feed-pump  is  worked  from  one  end  of  the 
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crank  shaft,  and  a  bilge-pump  from  the  other  end,  both  being 
driven  by  eccentrics,  &c,  as  shown.  The  whole  of  the  outside 
moving  parts  are  easily  got  at  for  oiling  and  for  adjustment,  and 
all  wearing  parts  are  arranged  so  that  the  wear  and  tear  may  be 
readily  taken  up.  It  will  be  observed  that  the  upper  ends  of 
both  connecting-rods  are  provided  with  projecting  pins  on 
their  inner  ends.  This  is  for  the  purpose  of  working  air  and 
circulating  pumps  by  means  of  levers,  should  it  be  found 
desirable  to  work  the  engines  as  condensing  engines ;  in  which 
case,  a  surface-condenser  is  placed  separate  from  them  in  some 
convenient  corner  of  the  engine-room.  The  speed  of  these 
engines  varies  from  230  to  300  revolutions  per  minute.  In 
Lecture  XXVIII.  we  illustrate  and  describe  the  form  of  boiler 
considered  most  suitable  for  supplying  steam  to  these  engines. 

The  style  of  engine  which  has  been  almost  universally  adopted 
in  the  Merchant  Service  for  the  last  fifteen  years  is  that  known 
as  the  "  Inverted  Cylinder  Compound  Surface- Condensing  Engine." 
In  the  attached  folding  page,  we  give  a  front  perspective  view  of 
a  pair  of  engines  of  this  type,  supplied  by  Messrs.  Alex.  Shanks 
k  Son,  for  the  S.S.  Eagle,  one  of  Messrs.  Huddart,  Parker  &  Co.'s, 
of  Melbourne  Steam  Fleet,  from  which  the  student  will  be  able 
to  gather  a.  good  general  idea  of  the  arrangement  of  such  engines 
before  studying  in  sectional  detail  the  various  parts  in  our  next 
lecture.  It  will  be  observed  that  the  engines  are  started, 
reversed,  and  stopped  by  means  of  Browns  patent  hydraulic 
starting  gear,  seen  supported  vertically  at  the  front  centre  of 
the  sole-plate.  The  stop-valve  handle  is  supported  by  a  small 
wrought-iron  bracket  fixed  to  the  right  hand  front  column, 
which  column,  as  well  as  the  corresponding  one  at  the  after  end, 
is  made  of  steel,  finished  bright.  An  impulse  valve  for  assisting 
the  engineer  in  starting  the  engines  is  fitted  to  the  low-pressure 
cylinder,  and  is  worked  by  the  afbmost  gab-lever  opposite  the 
forward  connecting-rod.  The  two  intermediate  and  similarly 
placed  and  arranged  levers  work  the  water-drain  cocks  for  the 
high-  and  the  low-pressure  cylinders  and  valve  casings,  while  the 
fourth  or  most  forward  of  these  handles  is  used  for  actuating 
the  throttle  valve  fixed  in  the  steam  pipe  between  the  stop 
valve  and  the  entrance  to  the  high-pressure  cylinder  valve 
casing.  Steam  gauges  communicating  with  both  cylinder  valve 
casings  and  with  the  condenser  are  shown  fixed  to  the  wood 
lagging  on  the  low-pressure  cylinder  valve  casing.  Two  small 
wheels  are  seen  just  above  the  stop-valve  wheel.  One  of  these 
opens  and  shuts  the  small  steam  pipe  for  supplying  steam  to  warm 
up  the  whole  engine  before  starting,  while  the  other,  or  after  one, 
works  the  donkey  engine  or  steam-winch  stop  valve. 
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Lecture  XXL— Questions. 

i.  On  the  introduction  of  the  screw  as  a  ship's  propeller  geared  engines 
were  at  first  adopted,  why  ?  What  advantages  nave  direct:acting  over 
geared  engines  ? 

2.  Sketch  a  section,  through  the  cylinder,  air-pump,  and  condenser  of 
Perm's  trunk  engine.  Describe  generally  the  arrangement  of  the  engine, 
and  show  the  connection  of  the  piston  with  the  screw  shaft  Why  is  this 
style  of  engine  being  discontinued  in  the  Navy  ? 

3.  Describe,  with  a  sectional  sketch,  Maudslay's  return  connecting-rod 
engine,  and  point  out  its  advantages,  and  disadvantages.  In  what  class  of 
ships  are  Maudslay's  and  Penn's  horizontal  engines  used,  and  why  ? 

4.  What  style  and  arrangement  of  engine  is  now  being  chiefly  ordered  by 
our  Admiralty,  and  why  ? 

t  5.  How  would  you  arrange  the  cylinders  for  compounding  a  pair  of 
simple  condensing  Maudslay^  return  connecting-rod  engines. 

6.  Give  a  general  outline  freehand  sketch  with  concise  description  of  a 
pair  of  inverted-cylinder  compound  non- condensing  engines.  For  what 
classes  of  ships  is  this  style  of  engine  suitable,  and  why  ? 

7.  Give  a  general  outline  freehand  sketch  with  concise  description  of  a 
pair  of  inverted-cylinder  compound  condensing  engines.  Indicate  and 
name  all  the  necessary  starting  and  reversing  handles,  and  state  how  they 
are  manipulated.  For  what  class  of  ships  is  this  style  of  engine  particularly 
suitable,  and  why  ? 

8.  Sketch  and  describe  an  escape  valve  as  fitted  to  the  cylinder  of  a 
marine  engine.     Why  is  such  a  valve  required,  and  where  ii  it  placed  ? 
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LECTURE  XXII. 

SCREW-PROPELLERS. 

Contents.  —Generating  a  Screw  Surface — Pitch  of  a  Screw— Length  of  Screw 
Blade— Depth  of  Thread— Angle  of  Screw— Circumference  of  Screw — 
Moulding  a  Screw— How  to  find  the  pitch  of  a  finished  Propeller — 
Early  forms— Ordinary  form— Griffith's,  Hirtsch's,  Magin's,  and 
Thornycroft's  Screws— Slip  of  the  Screw — Thrust— Negative  Slip — 
Best  Diameter,  Revolutions  and  Pitch  for  a  Screw-propeller. 

Generating  a  Screw  Surface. — Each  blade  of  a  screw  propeller 
may  be  regarded  as  a  portion  of  the  thread  of  a  screw  of  great 
pitch  and  depth.  The  following  figure  illustrates  how  the 
surface  of  a  screw-propeller  blade  is  swept  up  and  moulded  in 
the  foundry. 


Erect  a  vertical  spindle,  V  S,  held  in  centres  or  pivots  at,  V, 
and,  S,  with  an  arm  or  loam  board,  A  B,  at  right  angles  to  the 
spindle.  This  loam  board  is  free  to  move  up  and  down  the 
spindle,  V  S,  as  well  as  to  turn  round  it,  owing  to  its  being  fitted 
with  a  collar  at,  A.  A  counter  weight,  W,  attached  to  a  wire 
or  rope  passing  round  a  pulley,  P,  and  fixed  to  a  hook  on  the 
board  or  on  the  collar,  A,  balances,  A  B,  in  any  position.  Now, 
suppose  this  arm  to  be  moved  uniformly  down  the  vertical  spindle 
from  position,  Av  to  position,  A2,  and  at  the  same  time  to  be 
revolved  uniformly  around  it.  It  is  clear,  that  the  outer  end  of 
the  arm  will  travel  from  position,  Blf  to  position,  B2,  and  thus 
trace  out  a  spiral  curve.     Every  point  along,  A  B,  will  trace  at 
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the  same  time  a  spiral  curve,  e.g.,  Cx  to  02 ;  consequently,  the 
whole  surface  swept  through  will  be  a  spiral  or  screw  surface. 

Pitch  of  Screw. — If  the  board,  A  B,  had  made  a  complete 
revolution  around  the  vertical  spindle  while  it  descended  from 
At  to  A^,  then  the  height,  AT  Ag,  would  have  been  equal  to  the 
pitch  of  the  screw ;  or  the  distance  between  two  consecutive 
threads  measured  parallel  to  the  axis  of  the  screw  is  the  pitch. 
In  other  words,  it  is  the  forward  distance  through  which  the 
screw  would  advance  in  one  revolution,  if  the  nut  in  which  it 
turned  were  solid  and  fixed. 

Diameter  of  Screw. — The  diameter  of  a  screw  propeller  is  the 
diameter  of  the  circle  described  by  the  tips  of  the  blades  when 
revolving,  or  2  Ax  Bx  in  the  figure.  The  area  of  this  circle  is 
called  the  disc  area  of  the  screw. 

Length  of  Screw  Blade  or  Depth  of  Thread.— The  length  of 
blade  or  depth  of  thread  is  the  distance  from  the  tip  to  root  of 
the  blade  where  it  enters  the  boss  measured  radially. 

Angle  of  Screw. — In  screws  such  as  we  are  now  considering, 
viz.,  with  a  constant  pitch  throughout  the  blade,  the  angle  of  the 
blade  to  the  vertical  axis  gradually  increases  from  the  tip  at,  T, 
towards  the  root;  thus,  the  angle  at  the  tip  or  radius,  A,  B,,  in 
the  figure  is,  BIB2D,  and  this  is  less  than  the  angle,  01C2E, 
at  the  radius,  Ax  CL 

Circumference  of  Screw. — The  circumference  is  2<r  times  the 
radius  of  the  blade,  or  2ir  x  Aj  B,. 

If  we  plot  down  a  vertical  line  to  scale  for  the  pitch,  and  a 
horizontal  line  from  the  same  point  to  the  same  scale  for  the 
circumference,  and  join  their  extremities,  then  the  angle  of  the 
screw  is  represented  by  the  angle  contained  between  the  hypo- 
thenuse  and  the  base  or  circumference  line ;  or,  the  tangent  of  the 
angle  of  the  screw  =  pitch  -r  circumference. 

Moulding  a  Screw. — Referring  again  to  the  figure,  we  now  see 
that  all  we  have  to  do  in  order  to  form  the  flat  or  forward  surface 
of  a  screw-propeller  blade  is,  (1)  to  erect  in  the  foundry  the 
vertical  spindle,  V  S,  with  the  loam  board,  A  B,  and  to  set  up  a 
wooden  templet,  Bx  B2D,  at  the  extremity  of  the  radius,  having 
the  proper  angle  to  give  the  desired  pitch ;  (2)  to  build  up  with 
bricks  a  firm  solid  backing  behind  the  curved  surface,  A,  Bx  B2  A«, 
covering  it  with  moulder's  loam,  sweep  it  smoothly  aown  with 
the  board,  AB,  dry  it,  and  wash  it  down  with  black  carbon 
wash ;  (3)  to  cut  away  the  central  part  of  the  curved  surface  so 
as  to  admit  of  the  propeller  boss  pattern,  P  B,  or  the  flange  (see 
next  figure),  and  mark  off"  on  the  curved  surface,  the  contour  of 
the  blade,  Ax  Cj  T  C2  A2 ;  (4)  to  fix  wooden  thickness — pieces  of 
the  following  shape  r^-^  around  this  curved  surface ;  (5)  to  fill 
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the  intervening  space  with  loam  and  dry  it ;  (6)  to  take  a  negative 
impression  of  this  back  or  curved  _^^-m  — ■ —  surface  of  the 
blade ;  (7)  to  remove  the  thickness  pieces  and  the  curved  loam 
between  them  ;  (8)  to  wash  down  with  moulder  s  carbon  wash 
both  the  flat  and  the  curved  or  back  surface  of  the  blade  mould, 
and  put  the  halves  together,  adjust  the  central  core,  dry  the  whole, 
and  pour  in  the  metal.* 

How  to  find  the  Pitch  of  a  finished  Propeller.— (1)  Plumb  the 
axis  or  level  points  on  the  blades  equidistant  from  the  centre ; 
(2)  describe  a  circle  with  the  axis  as  a  centre  on  the  upper  face  of 
the  boss ;  (3)  draw  a  radial  line  on  the  boss  from  the  centre  in 
line  with  the  front  edge  of  one  blade ;  (4^  lay  a  long  wooden  straight- 
edge (such  as,  A  B,  in  the  last  figure),  level  and  fair  along  this 
radial  line,  and  measure  the  vertical  distance  from  its  under  or 
straight  surface  to  any  desired  point,  such  as,  C1?  at  a  radius,  A1G1, 
from  the  centre ;  (5)  move  this  straight  edge  round  T^  of  the 
circumference  of  the  circle  on  the  boss,  i.e.,  through  an  angle  of 
30°,  level  it  again,  and  measure  at  the  same  radius  as  before,  the 
vertical  distance  from  its  under  surface  to  a  point  on  the  blade. 
Then,  since  there  are  12  inches  in  a  foot,  the  difference  between 
these  two  vertical  measurements  in  inches  represents  the  pitch 
of  the  screw-propeller  blade  in  feet.  This  is  the  practical  method 
adopted  in  marine  engine  works. 

Early  Forms. — The  earliest  screw  propellers  were  single- 
threaded  screws,  and  consisted  of  part  of  a  true  helix  cut  off 
by  parallel  planes  at  right  angles  to  the  axis.  They  were  made 
much  longer  in  the  direction  of  the  axis  than  is  general  at  the 
present  time,  and  even  after  double-threaded  screws  came  into 
use,  it  was  supposed  by  some  that  a  full  turn  or  more  of  the 
thread  was  necessary  in  order  to  form  an  efficient  propeller. 
Properly  speaking,  the  single-threaded  screw  had  only  one  blade 
or  arm ;  but  this  form  of  screw  was  not  long  in  use,  and  the 
two-bladed  or  double-threaded  screw  was  the  one  which  was 
employed  almost  without  exception  for  many  years.  The  length 
was  made  only  about  one-sixth  the  pitch.  The  usual  number  of 
blades  in  the  screw  propellers  employed  at  the  present  time  is 
two,  three,  or  four ;  and,  except  in  large  sizes,  the  blades  are  cast 
along  with  the  boss,  which  is  of  a  spherical  or  of  an  oval  shape. 
The  pitch  of  the  blades  is  usually  uniform,  but  sometimes  the 
pitch  of  the  leading  half  is  made  less  than  that  of  the  following 
half,  so  as  to  make  the  effort  of  the  blade  on  the  water  more 
gradual.  The  two-bladed  screw  propeller  is  very  efficient  so 
long  as  it  is  wholly  immersed ;  but  in  rough  weather  when  the 
ship  pitches,  its  efficiency  rapidly  falls  off",  due  to  a  portion  of 
screw  rising  out  of  the  water.     In  war  vessels,  where  the  screw 

*  If  the  metal  is  of  cast-iron,  as  much  wrought-iron  scrap  as  practicable 
should  be  melted  with  it  in  order  to  render  the  blades  touph. 
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requires  to  be  raised  out  of  the  water  while  the  ve*3el  is  under 
sail,  two-bladed  screws  are  necessary  and  have  been  frequently 
used.  The  three-bladed  screw  is  not  now  so  much  used  as 
formerly  for  large  screws,  since  it  is  open  to  the  objection  that  if 
one  blade  is  broken,  the  screw  is  badly  balanced  and  throws 
serious  stresses  on  the  engines. 

The  four-bladed  screw  is  the  one  which  is  now  most  generally 
adopted,  both  in  the  merchant  service  and  in  the  navy,  when  it 
is  not  necessary  to  lift  it  out  of  the  water. 

Ordinary  Forms. — The  diagram  below  illustrates  the  form  of 
screw  propeller  which  is  commonly  used  in  practice. 


Ordinary  Screw  with  Four  Blades. 


PB  for  Propeller  boas. 
B  ,,  Blades. 
F  „  Flanges. 


S  S  for  Screw  shaft 
C  „  Cap  for  preventing  a 
vacuum  forming  at 
after  eM._     GoOgk 
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The  boss,  P  B,  is  usually  of  cast-iron  and  spherical  in  form, 
and  has  four  recesses  in  it  to  receive  the  blades,  B.  The  hole  in 
the  boss  for  the  reception  of  the  screw  shaft  is  tapered,  and  the 
boss  is  fixed  to  the  shaft  by  one  or  two  long  keys  or  feathers 
which  are  sunk  into  the  shaft,  and  fit  a  key-way  in  the  boss. 
The  boss  is  prevented  from  being  drawn  ofF  endwise  by  a  large 
nut,  which  is  of  opposite  screw  to  the  propeller,  and  usually  has 
a  small  tapered  pin  behind  it,  which  passes  through  the  shaft 
and  prevents  the  nut  from  slacking  back.  The  nut  is  prevented 
from  forming  a  vacuum  at  after  end  by  a  brass  or  gun-metal 
cap,  C,  which  is  fixed  to  the  boss,  as  shown  in  the  drawing.  The 
boss  is  usually  forced  tightly  on  the  screw  shaft  by  hydraulic 
pressure  or  ramming,  before  the  nut  is  screwed  up.  The  blades  of 
the  screw  are  formed  with  flanges  on  their  inner  ends,  and  these 
flanges  are  faced  and  bolted  in  to  the  recesses  formed  to  receive 
them  in  the  boss.  The  holes  in  the  flanges  of  the  blades  are  not 
round,  but  are  elongated  as  is  shown  on  the  drawing,  so  that  each 
blade  may  be  turned  round  a  little,  and  its  pitch  altered  slightly 
if  required.  The  spaces  between  the  bolts  and  the  ends  of  the 
holes  are  filled  in  with  small  pieces  of  brass  or  lignum-vitae,  to 
prevent  the  blade  from  shifting  after  the  pitch  has  once  been 
adjusted.  Thin  wrought-iron  plates  fixed  down  by  a  small 
screw  pin  are  fitted  between  the  nuts  which  hold  down  the 
blades,  so  as  to  prevent  the  nuts  from  turning.  In  moderate 
sizes  of  screw  propellers,  the  boss  is  always  cast  along  with  the 
blades ;  and  since  there  are  no  nuts  or  projections  on  it,  it  offers 
less  resistance  to  the  water  than  when  the 
blades  and  the  boss  are  separate.  In  the  draw- 
ing of  the  screw  propeller,  the  flanges  of  the 
blades  are  shown  projecting  above  the  general 
outline  of  the  boss;  but  this  need  not  be 
the  case,  since  the  flanges  may  be  rounded 
on  the  top  (as  shown  in  the  Fig.),  and  recessed 
down  flush  with  the  boss,  with  the  nuts 
also  recessed  into  the  base  of  the  blade.  In 
the  best  practice  large  screws  are  made  with  a 
neat  metal  cap  so  fitted  and  fixed  to  the  flanges 
of  the  blades  as  to  cover  in  the  heads  of  the 
nuts  and  studs ;  or,  as  is  sometimes  done  with 
cheaper  propellers,  the  projecting  angles  of  the 
flanges  and  nuts  are  smoothed  over  with  a 
Screw  for  Rusman  rtron«1y  adhering  kind  of  plaster,  which  resists 
Cruiser.  *ne  action  of  sea  water  anpl  prevents  corrosion. 

The  great  advantage  of  constructing  the  screw 
with  the  blades  separate  from  the  boss  is,  that  if  one  of  the  blades 


Digitized  by 


Google 


GRIFFITHS'  SCREW.  225 

should  be  damaged  it  may  be  replaced  without  the  expense  of  an 
entirely  new  screw,  and  without  the  necessity  of  taking  the  ship 
into  dock  in  order  to  have  the  boss  forced  off.  It  has,  however, 
been  adopted  for  large  vessels  only,  since  it  is  much  more  expensive. 

The  blades  of  screw  propellers  were  until  recently  made 
exclusively  of  cast-iron;  but  in  modern  practice,  steel,  manganese 
or  phosphor-bronze,  and  Dick's  Delta-Metal  have  been  used,  and 
in  most  cases  with  improved  results.  When  the  blades  are  made 
of  steel  they  may  be  much  thinner  than  when  of  cast-iron,  and 
steel  being  a  more  ductile  as  well  as  a  stronger  material,  they  are 
more  reliable.  Steel  blades  are  of  course  more  expensive,  and 
corrode  more  rapidly  than  iron  blades  ;  but,  since  the  thickness 
of  the  blades  is  less,  they  are  more  efficient.  Blades  of  phosphor- 
bronze  and  of  manganese-bronze  have  proved  very  efficient, 
but  they  are  much  more  expensive  than  steel  blades.  They 
may  also  be  made  thinner  than  cast-iron  blades,  since  the  metal 
is  tougher  and  stronger,  and  there  is  no  loss  by  corrosion.  They 
are  very  smooth  on  the  surface,  and  the  frictional  resistance  is 
very  small.  Messrs.  John  Elder  <fc  Company  (The  Fairfield 
Works,  Go  van)  invariably  make  their  propellers  of  bronze.  The 
propeller  for  a  Russian  Torpedo  Cruiser,  lately  built  in  Sweden, 
was  made  of  Dick's  Delta-Metal,  of  which  the  figure  at  the  side 
on  the  last  page  is  a  section.  The  inventor  claims  for  this 
material  (which  is  simply  an  improved  kind  of  brass),  that  it 
resists  the  action  of  sea-water,  and  that  the  galvanic  action  is  less 
between  it  and  the  iron  or  steel  of  the  ship  than  that  from 
bronze.  He  also  claims  that  it  can  be  made  as  tough  as  wrought- 
iron,  and  as  strong  as  mild  steel,  with  the  further  advantages, 
that  it  can  be  forged,  stamped,  or  rolled  hot,  or  worked,  drawn, 
and  spun  when  cold. 

Griffiths'  Screw. — In  the  early  forms  of  screw  the  boss  was 
made  very  small  in  diameter,  no  larger  in  feet  than  was 
absolutely  necessary  for  strength.  The  roots  of  the  blades  were 
consequently  almost  close  to  the  shaft,  and 
therefore  in  the  case  of  screws  with  large 
pitch,  nearly  in  a  fore  and  aft  direction,  or 
at  right  angles  to  the  plane  of  rotation.  The 
effect  of  this  was  to  throw  off  the  water  at 
the  roots  nearly  at  right  angles  to  the  shaft, 
thus  adding  very  little  to  the  propelling 
effect.  A  considerable  amount  of  power  was 
expended  in  simply  churning  the  water,  besides 
seriously  disturbing  the  water  upon  which  the  s^u.  Boss  Screw. 
outer  and  more  effective  portion  of  the  blades 
had   to    act.     The  ends  of  the   blades  were  very  broad  and 
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square,  and  thus  absorbed  a  good  deal  of  power  by  surface 
friction.  To  obviate  these  defects,  Mr.  Robert  Griffiths 
devised  his  well-known  propeller  which  is  very  much  used 
in  large  firstrclass  steamers  and  in  the  Navy.      It  has  three 


Griffiths'  Screw. 

important  features.  The  first  of  these  is  the  very  large  spherical 
boss.  Mr.  Griffiths  originally  had  the  boss  made  1  the  diameter 
of  the  whole  screw ;  but  now  it  is  seldom  made  more  than 
from  \  to  \  of  the  diameter.  The  use  of  such  a  large  boss 
will  at  once  be  understood  from  what  we  have  said  about 
the  early  forms  of  screws.  It  fills  up  the  space  that  was 
formerly  occupied  by  the  useless  inner  portions  of  the  blades, 
prevents  wasteful  agitation  of  the  water  at  the  centre  (for  the 
round  boss  revolves  quietly,  and  causes  little  frictional  resis- 
tance), and  reduces  the  vibration.  The  second  improvement  is 
in  the  form  of  the  blades,  which  are  tapered  off  at  the  tips,  thus 
reducing  the  former  loss  from  friction.  In  the  original  Griffiths' 
screw  the  tips  of  the  blades  were  bent  slightly  forward ;  now 
they  are  generally  straight,  and  are  sometimes  bent  backwards. 
The  third  improvement  which  resulted  directly  from  the  first,  is 
that  the  heads  of  the  nuts  and  studs  can  easily  be  covered  in  by 
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a  neat  metal  cap,  and  that  there  is  plenty  of  room  for  admitting 
of  the  adjustment  of  the  pitch  to  the  required  amount  This  is 
an  important  consideration ;  for  it  is  sometimes  difficult  to  hit 
upon  the  best  pitch  for  a  vessel  until  after  she  has  been  tried, 
and  it  is  extremely  convenient  to  be  able  to  alter  the  angle  of 
the  screw-blade  without  having  to  make  a  new  propeller. 

Hirsch's  Screw. — In  this  propeller  there  are  generally  four 
blades,  which  are  curved  towards  the  direction  of  rotation  like 
the  hands  of  a  man  in  the  act  of  swimming,  or  like  the  point  of 
an  oar.  It  is  advocated  that  this  curved  form  of  blade  diminishes 
the  vibration  of  the  screw,  and  arrests  the  tangential  force  of 
the  water,  thus  throwing  the  water  more  directly  sternwards 
than  an  ordinary  straight  blade  does.  The  pitch  is  not  uniform 
throughout  the  blade,  but  increases  towards  the  point,  and 
towards  the  root;  whilst  the  following  side  of  the  blade  has 
a  somewhat  less  pitch  than  the  leading  side,  so  as  to  let  the 
water  escape  more  freely  sternwards. 

Mangin's  Screw. — This  propeller  consists  of  two  sets  of  blades, 
the  one  being  placed  immediately  behind  the  other,  and  fixed  to 
the  same  boss.  There  is  consequently  a  space  between  the 
forward  and  the  after  set  of  blades.  It  is  supposed  not  to 
rotate  the  water  so  much  as  a  propeller  with  one  set  of  blades ; 
and  when  a  ship  is  under  sail  with  the  propeller  fixed,  there  is 
not  so  much  resistance  as  with  an  ordinary  two-bladed  one  of 
the  same  power,  since  the  transverse  section  of  the  former  is 
only  about  one-half  that  of  the  latter. 

Thornycroft's  Screw. — This  screw,  which  has  been  very  suc- 
cessful in  torpedo  boats,  for  which  the  inventor's  firm  is  famous, 
was  thoroughly  described,  along  with  a  series  of  interesting 
experiments,  by  Mr.  Sidney  W.  Barnaby,  M.I.N.A.,  in  a 
course  of  lectures  delivered  in  1885  at  the  Royal  Naval  College, 
Greenwich.* 

It  has  broad  short  blades  so  as  to  obtain  the  necessary  blade 
surface,  and  at  the  same  time  to  keep  the  propeller  completely 
immersed  below  the  surface  of  the  water,  which  is  difficult  to 
attain  with  the  ordinary  form  of  blade,  owing  to  the  small 
draught  of  the  torpedo  boat.  So  long  as  a  propeller  is  immersed 
sufficiently  far  below  the  surface  of  the  water  to  prevent  it 
drawing  in  air,  any  further  immersion  within  the  limits  obtain- 
able in  a  ship,  has  little  beneficial  effect,  for  the  speed  with 

*  Mr.  Barnaby  has  issued  these  lectures  in  book  form,  published  by 
Messrs.  E.  &  F.  Spoo,  under  the  heading  "Marine  Propellers,"  which 
should  be  carefully  perused  by  all  students  interested  in  the  construction 
of  steamers.  We  are  indebted  to  him  for  our  brief  description  and  sketch 
of  Thornycroft's  screw,  as  well  as  for  the  Figs,  of  Griffiths'  screw. 
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which  water  can  follow  up  the  blades  of  a  screw  depends  upon 
the  direct  vertical  pressure  on  the  water;  and,  since  the  pressure 
of  the  atmosphere  corresponds  to  a  head  of  34  feet  of  water,  a 
few  feet  more  due  to  immersion  of  the  blades  in  the  water  has 
but  a  corresponding  effect.  Messrs.  Thornycroft  and  Barnaby, 
in  their  experiments  with  a  model  Thornycroft  screw,  found 


Thornycroit's  Screw. 

that  the  efficiency  fell  from  70  to  50  per  cent,  when  the  screw- 
blades  were  permitted  to  break  the  surface  of  the  water. 

Thornycrofb's  propeller  has  at  the  middle  of  the  blades  an 
increasing  pitch,  gradually  becoming  uniform  towards  the  tips 
and  towards  the  roots.  The  reason  for  adopting  this  is,  that  if 
the  water  be  accelerated  too  much,  it  turns  round  the  points  to 
the  back  of  the  blades,  and  the  rotation  of  the  water  being 
naturally  greatest  towards  the  roots  owing  to  the  angle  of  the 
blade  there,  it  is  not  advisable  to  increase  this  evil  effect.  The 
blades  are  inclined  sternwards,  and  are  slightly  concave  on  the 
driving  side,  in  order  to  restrain  the  centrifugal  or  tangential 
force  of  the  water,  and  throw  it  as  far  as  possible  fair  astern. 
Since  this  centrifugal  action  is  naturally  greatest  at  the  root, 
owing  to  the  greater  angle  of  the  blades,  the  inclination  and 
curvature  given  to  the  blades  is  greatest  near  the  roots. 

Many  other  forms  of  screw  propellers  have  been  devised,  but 
we  have  given  those  in  general  use.  Feathering  propellers  have 
often  been  proposed  and  tried,  but  the  mechanism  required  to 
enable  the  screw  to  be  properly  feathered,  i.e.,  to  turn  the 
blades  in  a  fore-and-aft  direction  when  the  ship  is  under  sail,  is 
liable  to  get  out  of  order,  and  is  only  adopted  under  exceptional 
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cases,  such  as  yachts  or  sailing  ships  requiring  auxiliary  power. 
Twin  screws  are  used  where  the  draught  of  water  of  the  ship  will 
not  permit  of  a  single  screw  of  sufficient  diameter  being  used  for 
the  required  horse-power,  and  where  quick  turning  and  manipu- 
lation of  the  ship's  movements  are  advisable,  as  in  a  man-of-war 
or  in  a  telegraph  cable  ship. 

Slip  of  the  Screw. — If  the  screw  worked  in  a  solid  unyielding 
nut,  then  the  distance  travelled  by  the  ship  in  a  given  time 
would  be  equal  to  the  number  of  revolutions  made  by  the  screw 
in  that  time,  multiplied  by  the  pitch  of  the  screw.  But  the 
water  which  forms  the  nut  for  the  screw  propeller  is  not  un- 
yielding. The  result  is,  that  the  ship  does  not  progress  a 
distance  equal  to  the  pitch  of  the  screw  for  each  revolution. 
The  difference  between  the  speed  of  the  ship  and  the  speed  of  the 
screw  (*.«.,  the  pitch  x  the  number  of  revolutions),  is  termed  the 
"  slip  "  of  the  screw.  This,  however,  is  only  the  apparent  slip  ; 
in  order  to  find  the  real  slip  of  the  screw,  the  velocity  of  the 
stream  of  water  which  always  follows  a  ship,  and  in  which  the 
screw  works,  must  be  known.  When  a  common  screw  works 
in  a  solid  nut,  it  advances  for  each  revolution  a  distance  equal  to 
the  pitch  of  the  screw,  and  the  nut  remains  stationary;  but  when 
the  nut  is  formed  of  a  yielding  medium  such  as  water,  then  the 
screw  slips.  The  water  does  not  remain  stationary  during  the 
rotation  of  the  screw,  but  is  projected  backward  by  the  screw  in 
a  direction  opposite  to  that  in  which  the  ship  is  travelling.  The 
actual  velocity  of  this  column  of  water  thrown  back  by  the  screw 
therefore  represents  the  true  or  real  slip  of  the  screw. 

Thrust. — When  a  screw  steamer  is  moving  forward  at  a  uniform 
speed,  the  reaction  of  the  mass  of  water  projected  backwards  by 
the  propeller  is  exactly  equal  to  the  resistance  opposed  to  the 
forward  motion  of  the  vessel.  It  is,  therefore,  absurd  to  attempt 
to  get  a  screw  propeller  to  work  without  any  slip,  for  if  there 
was  no  real  slip,  then  there  would  be  no  resultant  propelling 
reaction. 

If  W  =  weight  of  water  acted  on  in  lbs. 
S  =  slip  of  screw  in  feet  per  second. 
g  =  acceleration  due  to  gravity  =  32*2  feet  per  second. 

ws 

Reaction  »  in  lbs.,  urging  the  vessel  forward. 

o 

Or,  this  is  the  thrust  of  the  screw  on  the  ship  along  the  line  of 
screw  shafting  in  pounds.  Professor  Rankine  in  his  Rules  and 
Tables,  p.  275,  Rule  V.,  reduces  the  above  equation  to  a  more  con- 
venient form  for  practical  use,  viz. : — To  calculate  the  thrust  of  a 
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propelling  instrument  (jet,  paddle,  or  screw)  in  pounds  ;  multiply 
together  ike  transverse  sectional  area  in  square  feet,  of  the  stream 
driven  astern  by  the  propeller;  the  speed  of  the  stream  relatively  to 
the  ship  in  knots,  the  real  slip,  or  part  of  that  speed  which  is  im- 
pressed on  that  stream  by  the  propeller  also  in  knots;  and  t/ie 
constant  5-66  for  sea  water,  or  5-5  for  fresh  water. 

Thus- 
Let  A  =  Area  of  stream  driven  back  in  square  feet. 
S  =  Speed  of  screw  in  knots  per  hour. 
*  =  Speed  of  ship  „  „ 

.-.  S  -  *  =  Apparent  slip. 
Then— 

The  thrust  in  pounds  =  AxS(S-«)  5-66. 

Example. — Find  the  thrust  of  a  screw  propeller,  16  feet 
diameter,  having  a  boss  4  feet  diameter,  when  driving  a  ship  at 
15  knots  an  hour;  the  slip  of  the  screw  being  10  per  cent. 

A  =  « (r?  -  r»)  =  3-1416  (8*  -  22)  -  188-5  square  feet. 
*  =  15  knots. 

S  -  (90  :  100  : :  15  knots  :  S)  =  166  knots. 
A  x  S(S  -  s)5-66 
=  188-5  x  16-6(16-6  -  15)5-66  -  29,630  lbs. 

Negative  Slip. — In  every  screw  propeller,  as  we  have  already 
shown,  there  must  be  a  certain  amount  of  actual  or  real  slip,  due 
to  the  yielding  nature  of  the  water  which  forms  the  nut  for 
the  screw.  The  curious  phenomenon  of  negative  slip,  or,  in 
other  words,  the  speed  of  the  screw  being  less  than  that  of  the 
ship,  has  received  a  good  deal  of  attention  from  various  writers 
on  the  screw  propeller,  and  has  given  rise  to  various  theories 
on  the  subject,  but  in  reality  there  can  be  no  such  thing,  if  we 
duly  take  into  account  all  the  circumstances.  Some  have 
attributed  the  observation  of  negative  slip  to  a  wrong  deter- 
mination of  the  effective  pitch  of  the  screw,  which  is  rather  a 
difficult  thing  to  measure  accurately  in  the  case  of  a  screw 
having  a  variable  pitch;  others  have  tried  to  explain  it  by 
pointing  out  that  the  screw  works  in  the  "  wake,"  or  disturbed 
stream  of  water  which  follows  and  rushes  in  to  fill  up  the  space 
left  by  the  ship  when  moving  forward,  so  that  the  velocity  of 
the  ship  with  respect  to  this  following  body  of  water  is  less  than 
the  real  velocity  of  the  ship,  with  respect  to  the  dead  water 
some  distance  away  from  her.  Whatever  may  be  the  true  cause 
of  negative  or  rather  apparently  negative  slip  (and  which  is 
more  apparent  with  some  ships  and  with  some  forms  of  pro- 
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pellers  than  others),  one  thing  is  certain,  that,  should  it  be 
observable,  it  is  a  sign  that  the  screw  is  not  working  efficiently  ; 
and  the  sooner  it  is  changed  for  one  that  will  give  a  moderate 
but  not  an  excessive  amount  of  real  slip  (say  from  10  to  15  per 
cent.)  the  better. 

Best  Diameter  Revolutions  and  Pitch. — Mr.  Barnaby,  in  his 
Treatise  on  Marine  Propellers  (p.  49),  points  out,  "  that  in 
designing  the  propelling  machinery  for  a  new  vessel,  the  thing 
to  start  with  is  the  size  of  the  propeller,  and  not  the  size  of 
the  engines.  The  engines  exist  only  to  drive  the  propeller,  and 
should  be  subordinated  to  it.  Having  therefore  a  given  speed 
of  vessel  and  a  given  horse-power  to  start  with,  fix  upon  the 
diameter  of  the  propeller,  then  upon  the  revolutions  suitable  for 
that  propeller.  With  these  things  fixed  it  is  then  easy  to  find 
the  size  of  the  engine.  It  is  an  entire  reversal  of  the  proper 
process  to  say,  '  I  will  run  my  engine  at  such  and  such  a  speed, 
and  make  a  propeller  to  suit.' "  He  gives  the  following  rules  * 
for  finding  the  diameter  and  revolutions : — 

Take  the  data  from  an  actual  propeller  driving  a  ship  of 
certain  proportions  which  is  known  to  give  a  good  performance, 
and  treat  the  same  as  a  model  for  the  new  vessel  having  similar 
proportions.  

The  diameter  is  proportional  to  the  J  I.H.P.,  and  inversely 
proportional  to  the  square  root  of  tlve  cube  oj  t/te  speed. 

Example — 

Let    d  =  diameter  of  model  propeller  =50  feet. 

D  =  diameter  of  required  propeller. 

p  =  I.H.P.  of  the  model  propeller  =  670. 

P  =  I.H.P.  of  required  propeller  =  1800. 

v  =  speed  of  vessel  with  model  propeller  =  18  knots, 

V  =  „  „  required      „         «  20      „ 

Then— 


P         v* 
p     X  V* 


K8      1800       18«      n  r   x  ,.. 

X    67CT  x  20s"  =  '    model  smaller). 


Or      ?«      (?      !!.     /^ 
d        \lp  x  v»  ""  \U7 


tfOO      18* 
0    X  20*  ~ 


D  =  14rf=l-4  x  5  =  7feet 

idy  the  roles  given 
-297. 

Digitized  by  VjOOQIC 


*  The  advanced  student  should  also  study  the  rules  given  by  Beaton  m 
his  Manual  of  Marine  Engineering,  pp.  288-297. 
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The  revolutions  per  minute  are  proportional  to  the  speed,  and 
inversely  proportional  to  the  diameter. 

Using  the  same  letters  and  data  as  above. 
Let  r  ■■  revolutions  per  minute  of  model  propeller  =  400, 
R  =  „  „  required        „ 

Then— 

V       d 
K  =  r  x   — x  .=r 

v        D 

«  400  x  fo" x  7  =  318  revolutions. 

If  the  model  used  is  larger  the  ratios  are  reversed. 

18      7 
.  \  r  =  318  x  th;  x  g.  =  400  revolutions. 
20       0 

The  pitch  of  the  propeller  should  then  be  made  the  same  ratio  to 
the  diameter  as  in  the  model.  The  pitch  should  never  exceed  2£ 
times  the  diameter. 

Lecture  XX I L— Questions. 

1.  Describe  briefly  and  show  by  a  sketch,  the  method  of  moulding  a 
screw-propeller  blade. 

2.  Define  the  pitch,  length,  angle,  and  circumference  of  a  screw  propeller, 
as  well  as  the  depth  of  thread,  and  exemplify  them  by  means  of  sketches. 

3.  How  would  you  find  the  pitch  of  a  finished  screw-profteller  blade  ? 

4.  Sketch  and  describe  by  an  index  of  parts  an  ordinary  modern  four- 
bladed  screw  propeller.  How  may  a  blade  l>e  replaced  by  a  new  one  with- 
out unshipping  tne  propeller  ?  How  can  the  pitch  of  a  blade  be  altered 
within  limits,  and  of  what  advantage  is  this  device  to  the  engineer  ? 

5.  Sketch  and  describe  Griffiths'  screw.  What  important  advantages  has 
it  over  the  older  forms  of  screw  propellers  ;  and  why  ? 

6.  Describe  the  general  arrangement  of  Hirtsch's  and  Magin's  screw 
propellers. 

7.  Sketch  and  describe  Thornycroft's  torpedo-boat  propeller,  and  give  the 
reasons  assigned  for  adopting  this  form. 

8.  What  is  meant  by  the  slip  of  a  screw  ?  Distinguish  between  apparent 
and  real  slip.  Can  there  be  any  such  effect  as  negative  slip ;  if  so,  how ; 
if  not,  why  not  ? 

9.  How  is  the  thrust  from  a  screw  propeller  calculated  ?  Find  the  thrust 
from  a  screw,  whose  slip  is  10  per  cent,  and  the  speed  of  the  ship  12  knots  ; 
the  diameter  of  screw  is  14  feet;  and  that  of  the  boss  3  feet.  Ana. 
14,790  lbs. 

10.  Show  how  to  find  the  best  diameter,  revolutions,  and  pitch  for  a  screw 
propeller.  Taking  as  a  model  the  example  given  in  the  lecture,  find  the 
diameter,  revolutions,  and  pitch  for  a  ship's  propeller  of  2000 1.H.P.,  having 
a  speed  of  15  knots.    Ana.  11*3. 

11.  When  designing  the  machinery  for  a  new  vessel,  what  data  should  be 
given,  what  should  first  be  determined,  and  why?  A  ship  attains  a  speed 
of  16  knots  per  hour,  the  mean  pitch  of  the  screw  is  18  feet,  and  the  number 
of  revolutions  per  minute  88,  what  is  the  slip  per  cent  ?  Is  it  positive  or 
negative  ?    Ana.  37  feet  per  minute,  and  negative. 
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COMPOUND  MARINE  ENGINES. 

Contents.— Description  and  complete  specification  of  the  engines  of  the 
S.S.  St  Bognvaldy  built  and  engined  by  Messrs.  Hall,  Russell  &  Co., 
Aberdeen. 

As  an  example  of  compound  marine  engines  in  general  use  at  the 
present  time,  and  the  arrangement  of  these  with  their  boilers  in 
the  ship,  we  give  in  this  chapter  a  number  of  diagrams  illus- 
trating the  engines*  of  the  S.S.  St.  Rognvald,  made  by  Messrs. 
Hall,  Russell  &  Co.,  of  Aberdeen,  in  1884.  A  complete  specifi- 
cation of  these  engines  will  be  found  at  the  end  of  this  chapter. 
They  are  of  the  two-cylinder  compound  type,  and  indicate  fully 
1,500  horse-power.  The  high-pressure  cylinder  is  36  inches 
diameter,  and  the  low-pressure  cylinder  70  inches  diameter,  both 
with  a  stroke  of  4  feet,  and  the  steam  pressure  is  90  lbs.  per 
square  inch. 

The  steam  enters  the  valve  casing  of  the  high-pressure  cylinder 
by  the  stop  valve,  S  V,  and  is  admitted  to  that  cylinder  by  the 
slide  valve,  S  V2.  Full  steam  is  admitted  to  the  cylinder  for  a 
portion  of  the  stroke,  until  the  expansion  valve  cuts  off  the 
supply.  After  this  point,  the  work  of  moving  forward  the  piston 
is  performed  by  the  expansive  force  of  the  steam,  and  the  steam 
falls  in  pressure  and  temperature  from  this  point  to  the  end  of 
the  stroke.  At  the  end  of  the  stroke  the  steam  is  exhausted 
through  a  belt  or  passage  round  the  high-pressure  cylinder  (shown 
in  the  plan  and  side  elevation),  into  the  casing  of  the  low- 
pressure  cylinder.  The  casing  of  the  low-pressure  cylinder, 
along  with  the  exhaust  passages  from  the  high-pressure  cylinder, 
forms  the  receiver  of  the  engine,  and  when  the  steam  exhausts 
into  this  receiver  its  pressure  falls  by  expansion,  since  the  volume 
of  the  receiver  is  greater  than  that  of  the  high-pressure  cylinder. 

*  Diagrams  of  the  boilers  of  this  vessel  with  a  complete  description  will 
be  found  in  Lecture  XXVIII.  We  are  indebted  to  Mr  John  Scott,  manag- 
ing partner  of  the  engineering  department  in  the  above  firm,  now  head 
partner  of  Messrs.  John  Scott  &  Co.,  shipbuilders  and  engineers,  Kinghorn 
and  Kirkcaldy,  for  the  diagrams  and  specification.  Advanced  students 
should  refer  to  The  Engineer,  August  6,  1886,  for  a  complete  set  of  engravings 
and  description  of  the  Triple-Expansion  Engines  of  the  S.S.  Afataoele,  by 
Messrs.  Hall,  Russell  &  Co. 
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FRONT  ELEVATION- 
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For  Drawing*  of  details  of  these  Engines,  see  our  Elementary  Manual, 
Lectures  XXI.  to  XXV. 
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INDEX  TO  PARTS. 

H  PC  for  High-pressure  Cyl. 
Low-         , ,         „ 
Cylinder  covers. 
Relief  valves. 
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Plan  op  S.S.  "St.  RognvaldV  Engines. 


INDEX  TO  PARTS.  -Continued. 


ssc 

for 

ws 

EVG 

EVE 

>» 

SH 

s 

ti 

MC 

EP' 

SC 

F 

»» 

CS 

CSB 

AP 

CP 

»» 

Steam  starting  cylinder. 
Wyper  shaft. 
Expansion  valve  gear. 
Expansion   valve 

eccentric. 
Starting  handles. 
Sole -plate. 
Main  columns. 
Exhaust  pipe. 
Surface  condenser. 
Flooring. 
Crank  shaft. 

„  „    bearings. 

Air  pump. 
Circulating  pump. 


H  for  Hot-well. 

APL     „  Air-pump  levers. 

RS         „  Rocking  Shaft. 

APR    „  Air-pump  rod. 
APG     „      „      „       „     guide. 
PB         „       ,»       ,,      bucket. 

F  P        ,,  Feed  and  bilye  pumps. 

G  „  Gauges,  steam,  vacuum 

and  receiver. 

WW     ,,  Worm  wheel  for  turning 

gear. 

C  W  P   ,,  Circulating  water  pipe. 

C I P      ,,  Common  injection  pipe. 

DP        „  Discharge  pipe. 
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This  fall  of  pressure  is  an  apparent  source  of  loss  to  the  system  ; 
but  since  the  steam  while  expanding  into  the  receiver  does  no 
work,  it  cannot  lose  heat  except  that  given  off  by  radiation  and 
conduction,  which  is  as  far  as  possible  prevented  by  the  lagging, 
and  therefore  if  it  fall  in  pressure  it  must  become  superheated. 
Whilst  expanding  in  the  low-pressure  cylinder  it  will  not  be  so 
liable  to  liquefaction,  and  will  be  more  efficient  than  ordinary 
saturated  steam,  so  that  theoretically  there  should  be  no  loss  due 
to  this  receiver.  The  steam  is  admitted  to  the  low-pressure 
cylinder  by  the  double-ported  slide  valve,  S  Vr  The  expansion 
is  completed  in  this  cylinder,  and  the  remaining  available  energy 
given  up  by  the  steam.  From  the  low-pressure  cylinder  it  is 
discharged  through  the  exhaust  pipe,  EF,  into  the  surface 
condenser,  S  C,  and  is  there  condensed  in  the  manner  explained 
in  Lecture  X.  When  condensed,  it  falls  to  the  bottom  of  the 
condenser,  and  is  pumped  by  the  air  pump,  A  P,  into  the  hot 
well,  H,  from  which  it  is  drawn  off  by  the  feed  pumps,  F  P,  and 
forced  back  into  the  main  boilers. 

The  high-pressure  cylinder  is  fitted  with  variable  expansion 
gear,  so  that  the  point  of  cut-off  of  the  steam  may  be  changed  to 
suit  circumstances.  The  variation  of  the  point  of  cut-off,  is 
effected  by  means  of  the  expansion  valve  gear  arrangement  shown 
at,  E  V  G,  in  the  end  elevation,  by  which  the  travel  of  the  valve 
may  be  altered.  In  the  low-pressure  cylinder  the  weight  of  the 
slide  valve,  together  with  the  valve  rod,  links,  and  eccentric  rods, 
is  supported  by  a  small  balance  piston,  B  P,  fitted  to  the  upper 
end  of  the  valve  rod,  so  that  what  would  otherwise  cause  great 
pressure  and  consequent  friction  between  the  eccentrics  and  their 
straps  and  other  points,  is  considerably  diminished. 

The  steam  starting  gear,  S  S  G,  is  very  simple,  and  is  clearly 
shown  in  the  side  elevation.  It  consists  of  a  small  steam  cylinder, 
which  is  bolted  to  the  side  of  the  forward  condenser  column,  and 
has  a  trunk  piston  fitted  to  it.  One  side  of  the  piston  is  attached 
by  a  small  connecting-rod  to  one  end  of  a  bent  lever,  this  lever 
being  connected  at  its  other  extremity,  to  the  centre  of  reversing 
link  motion,  L  M,  of  the  high-pressure  cylinder,  and  another  lever 
which  is  attached  to  the  same  wyper  shaft,  W  S,  being  connected 
to  the  link  motion  of  the  low-pressure  cylinder.  The  other  end 
of  the  piston,  which  is  also  of  the  trunk  form,  is  screwed  with  a 
very  fast  pitched  thread  to  fit  the  screw  on  the  round  rod  to  which 
the  reversing  or  hand-starting  gear  wheel,  HSG,  is  attached. 
This  reversing  wheel  is  loose  upon  the  rod,  but  may  be  attached 
to  it  by  means  of  a  clutch  which  is  fitted  to  the  rod.  The  slide 
valve  of  this  steam  starting  cylinder  is  worked  by  hand,  and  by 
admitting  steam  to  one  end  of  it,  the  links  of  the  main  slide  valve 
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End  Elevation  or  S.S.  "  St.  Roonvald." 
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See  above  and  next  Three  Figure*. 


Coal  bunkers. 
Main  boilers. 
Boiler  seating*, 
,,  ^  furnaces. 
Ventilators. 
Uptakes. 
Funnel. 
Steam  dome. 
Stop  valves. 
Safety  valves. 


M  S  P  for  Main  steam  pipe. 

E  „  Engines. 

S  T  E  „  Steam  turning  engine. 

D  B  „  Donkey  boiler. 

DE  „  „      engine. 

DC  „  Distribution  chest. 

F  P  „  Feed  pipes. 

D  V  „  Discharge  valves. 

E  S  ,,  Engine-room  skylight. 
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END  ELEVATION 


Knd  Elevation  of  S.S.  "St.  Rognvald's"  Boiler  Room. 

gear  may  "be  moved  at  pleasure,  and  the  valves  thrown  into  gear 
with  the  ahead  or  the  astern-going  eccentrics.  In  order  to  reverse 
by  hand,  it  is  only  necessary  to  throw  the  clutch  into  gear  with 
the  reversing  wheel,  and  to  revolve  the  wheel,  when  the  piston 
which  is  prevented  from  turning,  is  moved  directly  by  the  action 
of  the  screw.  In  reversing  by  steam,  the  piston  presses  against 
this  screw  on  the  rod,  and  the  pitch  of  the  screw  being  great,  it 
causes  the  rod  to  revolve,  but  the  reversing  wheel  does  not  re- 
volve since  the  clutch  is  not  in  gear. 

The  air  pump,  circulating  pump,  feed  and  bilge  pumps  are  all 
worked  by  the  levers,  A  P  L,  which  are  attached  to  the  crosshead, 
C,  of  the  low-pressure  cylinder. 

An  ordinary  condenser  injection  pipe,  C  I P  (see  plan),  with  a 
rose  on  its  end,  is  fitted  to  the  exhaust  pipe,  E  P,  close  to  the  top 
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of  the  condenser,  so  that  jet  condensation  may  be  used  if 
necessary.  A  worm  wheel,  W  W,  is  attached  to  the  after  end  of 
the  crank  shaft,  C  S,  and  a  worm,  driven  by  a  small  engine,  gears 
with  this  wheeL  This  arrangement  is  necessary  for  turning  the 
engines  while  the  vessel  is  lying  in  port,  and  the  worm  is  fitted  in 
such  a  way  that  it  may  be  easily  and  quickly  thrown  out  of  gear 
when  the  main  engines  are  working. 

The  diagrams  on  pages  238  to  241,  illustrate  clearly  the  general 
arrangement  of  the  engines  and  boilers  in  the  vessel. 

There  are  two  single  ended  main  boilers,  M  B,  which  are 
fully  described  with  complete  diagrams  in  Lecture  XXVIII. 
The  boilers  are  situated  forward  of  the  engines,  with  the 
furnaces,  B  F,  facing  each  other ;  and  the  coal  bunkers,  0  B,  are 
fitted  up  the  sides  of  the  vessel,  as  shown  in  the  end  elevation. 
The  uptakes,  U,  unite  immediately  below  the  funnel,  F.  The 
boilers  rest  upon  wrought-iron  seats,  B  S,  which  are  riveted  to 
the  ship's  floor.  Two  spring  safety  valves,  S  Vg,  are  fitted  to 
each  boiler,  and  both  sets  of  valves  are  connected  with  the  escape 
pipe  for  waste  steam  at  the  back  of  the  funnel.  The  main 
steam  pipe,  MSP,  passes  from  the  stop  valves,  SVX,  on  the 
domes  of  the  boilers,  into  the  engine-room,  and  is  attached  to 
the  stop  valve  outside  the  high-pressure  cylinder  casing.  The 
donkey  boiler,  D  B,  for  supplying  the  donkey  pumps  and  steam 
winches,  is  fitted  on  cross  beams  above  the  main  boilers.  Two 
ventilators,  V,  are  fitted  above  the  stokehold  for  the  supply  of 
fresh  air.  The  several  pipe  connections  may  be  clearly  traced 
from  the  diagrams  given. 


SPECIFICATION  OF  INVERTED  CYLINDER  COMPOUND 
DIRECT-ACTING  SURFACE  CONDENSING  ENGINES. 

Designed  and  constructed  in  1884  by  Messrs.  Hall,  Russell  &  Company, 
Aberdeen,  for  the  S.S.  St.  Rognvcdd,  belonging  to  the  North  of  Scotland, 
Orkney  and  Shetland  Steam  Shipping  Company. 

1.  Cylinders.— To  have  one  high-pressure  and  one  low-pressure  cylinder, 
the  high-pressure  cylinder  to  be  36  in.  in  diameter,  and  the  low-pressure 
cylinder  70  in.  diameter,  each  with  a  stroke  of  4  feet.  To  be  made  of  hard 
close  grained  cast-iron,  strongly  ribbed  and  feathered  on  sides  and  on 
bottoms,  of  a  minimum  thickness  of  l£  in.,  with  escape  valves  and  stuffing- 
boxes  fitted  at  top  and*  bottom  of  each  cylinder.  The  high-pressure 
cylinder  to  have  a  cast-iron  liner,  l£  in.  thick,  fitted  with  a  space  of  1  in. 
between  it  and  outside  casting,  the  space  thus  formed  to  be  used  as  a  steam 

-Afote.— Students  should  carefully  compare  this  specification  with  the 
drawings. 
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jacket  if  required.  This  jacket  space  to  have  a  water  trap  fitted  below 
the  level  of  cylinder  bottom  with  a  gau<re  glass  at  least  18  in.  long, 
with  suitable  brass  cocks  (asbestos  packed).  The  water  from  trap  to  be 
taken  into  hot  well  by  a  copper  pipe,  }  in.  diameter,  having  a  brass  stop 
valve  for  regulating  the  flow  of  water.  The  cylinders  and  valve  casing  sides 
to  be  covered  with  silicate  of  cotton,  2  in.  thick,  and  lagged  with 
teakwood  in  strips  3  in.  broad,  and  secured  by  brass  straps  and  screws. 
The  bore  of  each  cylinder  to  be  made  so  that  the  packing  rings  of  pistons 
shall  work  J  in.  past  it  at  each  end,  a  recess  to  be  formed  above  and  below 
the  bore  4  in.  deep  to  allow  for  the  cylinders  being  bored  out.  A  separate 
valve  face  to  be  fitted  to  high-pressure  cylinder,  fastened  with  brass  pins. 
The  bottom  piston-rod  stuffing-boxes  to  be  10  in.  deep,  and  fitted  with 
brass  neck  rings,  34  in.  deep ;  glands  to  be  bushed  with  brass,  and  fitted 
with  an  arrangement  whereby  all  the  nuts  can  bs  tightened  up  at  once. 
The  escape  valves  to  be  fitted  with  polished  cast-iron  covers,  with  brass 
regulating  screws,  fitted  with  polished  cast-iron  hand  wheels.  A  man-hole, 
15  in.  diameter,  to  be  fitted  in  bottom  of  low-pressure  cylinder,  and  a 
hand-hole,  8  in.  diameter,  in  bottom  of  high-pressure  cylinder  for  cleaning 
purposes. 

2.  Cylinder  Covers. — To  be  of  strong  cast-iron,  l£  in.  thick,  fitted  with 
strong  T  feathers  on  top,  covered  with  wrought-iron  chequered  plates. 
Flanges  to  be  polished,  and  secured  to  cylinders  with  studs  and  polished 
steel  nuts.  Stuffing-boxes  to  be  fitted,  7  in.  deep,  with  saucers  for  catching 
the  waste  oil  from  tne  tail  rods. 

3.  Slide,  Valves. — To  be  placed  on  the  forward  side  of  their  respective 
cylinders.  The  low-pressure  cylinder  valve  to  be  double  ported,  the  high 
pressure  cylinder  valve  to  be  single  ported,  and  both  to  be  made  of  hard 
close  grained  cast-iron.  These  valves  to  be  carefully  fitted  to  valve  face  by 
scraping,  and  rendered  perfectly  steam  tight. 

4.  Expansion  Valve. — To  be  fitted  to  the  back  of  the  high-pressure 
cylinder  slide  valve,  and  arranged  to  cut  off  at  from  12  in,  to  36  in.  of  the 
stroke  of  piston,  and  so  made,  that  the  different  grades  of  expansion  can  be 
adjusted  from  the  starting  platform  while  the  engines  are  at  work. 

5.  Valve  Motion. — To  have  double  bar  link  motion,  each  bar  of  which  to 
be  of  mild  steel,  14  in.  thick  and  4  in.  broad,  with  studs  for  upper  ends 
of  eccentric  rods,  2}  in.  diameter,  24  in.  long.  The  centre  part  to  have 
a  boss,  3  in.  diameter  and  2{  in.  deep,  for  receiving  drag  link  pins,  all 
forged  on  solid.  Eccentric  rods,  2\  in.  diameter  at  smallest  part,  tapering 
to  Ij  in.  diameter  at  lower  end,  to  have  double  jaws  at  upper  ends  with 
hard  brasses  and  wrought-iron  covers,  and  secured  with  steel  bolts  and 
double  nuts.  Lower  ends  to  be  T-shaped  and  secured  to  eccentric  straps 
with  steel  studs  and  double  nuts.  Valve  spindles  to  be  of  forged  mild 
steel,  34  in.  diameter,  with  large  eye  at  lower  end,  lined  with  hard  brass 
for  valve  link  block  (which  is  to  be  of  cast  steel  with  hard  brass  adjusting 
slips  above  and  below  link).  To  have  adjustable  guides  attached  to 
under  sides  of  valve  casings,  with  rectangular  hard  brasses  secured  with 
wrought-iron  covers  and  studs.  Upper  end  of  high-pressure  cylinder  valve 
rod  to  have  brass  dome  guide.  Upper  end  of  low-pressure  cylinder  valve 
rod  to  have  a  balance  piston  and  cylinder,  12  in.  diameter,  on  top  of 
valve  casing  cover.  Eccentric  pulleys  to  be  3|  in.  broad,  of  cast-iron, 
keyed  on  crank  shaft  couplings,  by  single  key  with  head,  and  steel  pinching 
screws,  and  to  have  straps  fitted  to  them  made  of  gun-metal  with  cast- 
iron  parting  pieces,  and  secured  with  steel  bolts  and  double  nuts.  Drag 
links  to  be  of  wrought-iron  (double),  and  made  adjustable  at  all  the 
working  parts  with  hard  brass  bearings. 
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6.  Pistons. — To  be  of  cast-iron,  1£  in.  thick,  turned  to  size  of  cylinders, 
and  made  hollow  with  strong  feathers  uniting  top  and  bottom  metal,  fitted 
with  approved  patent  packing  rings  and  springs.  The  pistons  to  be  turned 
tapered  for  inner  edge  of  junk  ring  so  that  it  can  be  easily  removed.  The 
junk  ring  to  be  secured  with  square-headed  screw  pins,  screwed  into  brass 
nuts  recessed  into  body  of  piston;  the  heads  of  the  screw  pins  to  be 
secured  with  solid  guard  rings.  No  core  holes  to  be  made  in  top  or  bottom 
metal  of  pistons. 

7.  Piston- Rods.— To  be  forged  of  mild  steel,  well  fitted  to  the  pistons,  and 
secured  to  same  by  a  nut  (not  recessed  into  piston).  Rods  to  be  64  in. 
diameter  below  pistons,  and  4)  in.  diameter  above  pistons.  The  lower  ends 
(or  crossheads)  to  be  forged  solid,  slotted,  and  fitted  with  strong  hard 
brasses  (flat  top  and  bottom)  secured  with  malleable-iron  covers  and 
two  steel  bolts,  3]  in.  diameter,  with  guard  rings  on  the  nuts.  Steel 
pinching  pins,  also  split  pins,  to  be  put  through  the  points  of  these  bolts. 

8.  Connecting-Bods. — To  be  forged  of  best  selected  scrap  iron,  with  solid 
double  jaw  at  upper  end.  Smallest  diameter  of  rods  to  be  64  in.,  tapering 
to  8  in.  at  lower  end,  length  between  centres  9  ft.  Hard  brasses  to 
be  secured  to  lower  ends,  with  two  well-fitted  steel  bolts,  3 J  in.  diameter, 
having  guard  rings  with  steel  pinching  pins,  and  split  pins  through  points 
of  bolts.  The  lower  end  brasses  to  have  four  strips,  4  in.  thick,  of 
approved  white  metal,  each  2  in.  broad,  fitted  in  each  half  of  brass  with 
4  in.  of  brass  between  them,  and  finished  -^  in.  above  surface  of  brasses. 
Parting  pieces  of  cast-iron,  3  in.  thick,  to  be  fitted  between  brasses,  so  that 
they  can  be  removed  without  taking  out  the  bolts  for  the  purpose  of 
stripping  and  taking  up  the  wear. 

9.  Starting  and  Reverting  Gear. — Reversing  gear  to  be  arranged  so  that 
it  may  be  worked  either  by  hand  or  steam,  and  placed  in  a  convenient 
position.  All  handles,  viz.,  cylinder  drain  cocks,  impulse  valve,  and  throttle 
valve  handles  to  work  in  one  brass  quadrant  bracket,  with  engraved  index 
for  each,  and  placed  as  near  as  possible  to  reversing  wheel.  An  impulse 
piston  valve  to  be  fitted  to  low  pressure  cylinder,  supplied  with  steam  from 
pipe  leading  to  donkeys,  and  fitted  with  a  stop  valve  worked  from  starting 
platform.  A  stop  valve  to  be  fitted  in  main  steam  pipe  on  high-pressure 
casing,  also  worked  from  starting  platform,  this  stop-valve  casing  to 
contain  separate  throttle  and  governor  valves. 

10.  Shafting.— Crank  shaft  to  be  built  of  best  forged  mild  steel,  made  in 
two  pieces,  interchangeable  and  reversible,  bolted  together  with  bolts  2{  in. 
diameter.  Crank  webs  to  be  10  in.  thick,  and  carefully  shrunk  on  shafts 
and  crank  pins,  and  keyed  upon  shafts  with  steel  keys  If  in.  deep,  24  in. 
broad.  Crank  pin  bearings  to  be  14  in.  long,  and  13  in.  diameter ;  and 
crank  shaft  bearings  18  in.  lone,  and  13  in.  diameter.  The  whole  of  the 
bearing  parts  to  be  turned  perfectly  true,  after  being  fitted  together,  and 
the  finished  shaft  to  be  carefully  fitted  into  its  bearings. 

Propeller  shaft  to  be  of  best  forged  mild  steel  124  in.  diameter,  and 
covered  with  brass  liners  }  in.  thick,  for  stern  post  and  stuffing-box 
bearings. 

Intermediate  shafts  to  be  forged  of  best  selected  scrap  iron  124  m« 
diameter,  turned  all  over,  made  with  solid  couplings,  and  secured  with  well- 
fitted  bolts  and  double  nuts.  Thrust  shaft  to  be  made  of  best  selected 
scrap  iron  124  m*  diameter,  and  not  more  than  12  feet  long,  with  4  solid 
collars  18f  in.  diameter  outside,  and  24  in.  thick.  Bearings,  lined  with  ap- 
proved white  metal,  to  be  supplied  for  shafting  in  tunnel  where  required, 
each  fitted  with  a  water  cock  and  tallow  box  on  top,  and  saucers  below 
the  fore  and  after  sides  of  each  bearing.    Wrought-iron  stools  to  be  made  for 
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the  support  of  each  bearing  properly  secured  to  ship's  floors.     A  strong 
handrail  and  platform  to  be  fitted  all  along  the  tunnel. 

11.  Thrust  Bearing  Block—  To  be  a  strong  casting  of  iron,  fitted  with 
4  cast  steel  horse-shoe  pieces,  faced  with  approved  white  metal,  and  finished 
J*  in.  above  the  surface  of  cast  steel.  Each  horse-shoe  piece  to  be  indepen- 
dently adjustable  in  a  fore-and-aft  direction  on  two  mild  steel  rods  1-J  in. 
diameter,  with  brass  adjusting  nuts.  The  sole  of  block  to  have  4}  feet  of 
bearing  fore  and  aft  and  3  feet  athwart  ships,  securely  fastened  with 
turned  and  fitted  bolts,  and  nuts,  to  a  very  strong  wrought-iron  stool, 
worked  on  to  ship's  floors  and  keelson ;  the  rivet  holes  of  which,  are  to  be  all 
rimered  perfectly  fair  before  riveting.  A  large  box  to  be  formed  at  bottom 
of  bearing,  with  a  drain  cock  and  pipe  led  through  water-tight  bulkhead. 
A  large  oil  box  and  water  cock  to  be  titted  to  each  collar. 

12.  Main  Columns.— The  two  columns  on  port  side  of  engines  to  be  cast 
in  one  piece  with  condenser,  and  to  take  the  thrust  of  connecting-rods  when 
the  engines  are  going  ahead.  Separate  guide  plates  to  be  bolted  to  these 
columns,  with  a  recess  between  them  and  the  columns  for  cold  water,  with 
inlet  from  circulating  pump  discharge,  and  outlet  to  bilges  with  regulating 
cock  where  required.  Columns  on  starboard  side  to  be  of  cast-iron,  round 
section  14  in.  thick,  and  of  ample  strength  with  astern  guide  faces  cast  on. 
Round  flanges,  at  upper  and  lower  ends,  to  be  firmly  secured  to  cylinders, 
and  to  sole-plate,  witn  turned  and  fitted  bolts  and  nuts. 

13.  Sole-Plate. — To  be  made  of  sound  cast-iron  of  strong  hollow  box 
section  1$  in.  thick,  and  fitted  to  receive  main  bearing  brasses.  These 
brasses  to  be  four  in  number  and  rectangular,  bearing  all  over  top,  bottom,  and 
sides  (no  fitting  strips),  made  extra  heavy  of  best  bush  brass.  The  bottom 
flanges  of  brasses  to  be  cut  away,  so  that  the  whole  length  of  the  brass  may 
bear  on  sole-plate  recess.  Covers  to  be  of  wrought-iron,  polished.  Each 
bearing  to  have  two  iron  bolts  34  in.  square  in  lower  part,  34  in.  round  in 
upper  part,  secured  into  sole-plate  by  mild  steel  cotters  bearing  all  the  way 
through  sole-plate  and  bolt,  and  having  finished  nuts  above  covers,  with 
guard  rings  and  steel  pinching  pins.  Sole-plate  to  be  fixed  down  securely 
by  22  bolts  1  in.  diameter,  and  6  turned  and  fitted  bolts  14  in.  diameter,  to 
a  strong  wrought-iron  platform  properly  fitted  and  riveted  to  ship's  floors. 
A  space  of  14  in.  to  be  left  between  the  sole-plate  and  platform,  packed 
up  with  at  least  12  cast-iron  slips,  and  between  the  slips  with  hard-wood 
wedges. 

14.  Condenser.— To  be  of  the  horizontal  surface-condensing  type,  placed 
in  a  fore  and  aft  position  on  port  side  of  sole-plate.  The  metal  to  be  1 4  in. 
thick,  with  strong  ribs  under  columns,  and  the  condenser  to  be  well  secured 
to  sole-plate  and  cylinders,  with  turned  and  fitted  bolts  and  nuts.     Tube 

Slates  to  be  1}  in.  thick,  of  cast-brass,  and  secured  by  brass  bolts  to  ecu- 
enser  flanges.  Tubes  to  be  solid  drawn  brass  }  in.  external  diameter.  18 
B.W.G.,  except  the  two  top  rows,  which  are  to  be  16  B.W.G.  All  tubes  to 
be  tinned  inside  and  outside,  and  to  have  a  total  condensing  surface  of 
2,600  square  feet.  The  ends  of  the  tubes  to  be  packed  with  best  red  rubbei 
rings,  and  so  fitted  as  to  provide  for  expansion  and  contraction.  Brass 
stay  plates  f  in.  thick  to  be  fitted  inside  condenser  where  required, 
and  secured  by  brass  studs  and  nuts.  Condenser  to  be  fitted  with  spray 
pipes,  so  as  to  be  able  to  work  as  a  jet  condenser  if  necessary.  Doors  to 
be  fitted  in  top  and  bottom  of  condenser  where  required,  for  examining  or 
cleansing  it.  Condenser  end  doors  to  be  made  in  two  pieces,  each  bavins 
snugs  for  lifting  shackles,  and  sight  doors  10  in.  diameter  opposite  ends  of 
tubes.  A  brass  supplementary  feed  cock  1  in.  diameter  to  be  fitted  to  the 
condenser  to  admit  circulating  water. 
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15.  Air  Pump.— To  be  21  in.  diameter  and  28  in.  stroke,  worked  by 
forged  wrought-iron  levers  from  the  croashead  of  after  engine.  The  cham- 
ber to  be  }  in.  thick,  it,  as  well  as  the  bucket,  valves,  seats,  and  pump-rod 
covering,  to  be  all  of  cast-brass.  The  foot  valve  to  be  placed  clear  of 
bottom  of  pumps  for  easy  examination.  Patent  metallic  valves,  of  approved 
make,  to  be  fitted  throughout,  and  a  drain  cock  2  in.  diameter  to  be  fitted 
to  bottom  of  pump.  A  small  air  valve  to  be  fitted  to  pump  under  discharge 
valve. 

16.  Circulating  Pump. — The  engines  to  be  fitted  with  one  double-acting 
circulating  pump,  11  in.  diameter  and  28  in.  stroke,  placed  alongside  of  air 
pump,  with  cast-brass  chamber  and  solid  brass  bucket,  valve  seats, 
guards,  and  pump-rod  liner  to  be  of  cast-brass,  and  valves  of  best  red 
rubber.  Pump  to  have  a  5£  in.  suction  non-return  valve,  with  pipe  from 
engine-room  bilge  fitted  with  a  lead  rose  box.  All  the  bolts  and  nuts  in 
and  about  these  pumps  and  condenser  which  are  exposed  to  sea  water  to  be 
of  brass.    A  small  air  valve  to  be  fitted  to  each  end  of  pump. 

17.  -Feed  and  Bilge  Pumps, — To  have  two  feed  and  two  bilge  pumps. 
All  plungers  to  be  3}  in.  diameter  and  28  in.  stroke,  and  worked  from  air 
pump  croashead.  To  have  cast-brass  plungers,  valves,  valve  seats,  and 
valve  chests.  Bach  pump  to  be  made  to  work  independently  of  the  others. 
The  feed  pumps  to  have  a  strong  cast-iron  chest  containing  independently 
worked  inlet  suction  valves,  escape  valves,  and  discharge  valves  to  boilers. 
A  large  air  vessel  to  be  fixed  on,  or  near  this  valve  box  in  connection  with 
discharge  pipe  to  boilers.  The  bilge  pumps  to  draw  through  a  large  mud 
box  from  a  valve  box  placed  above  the  engine-room  platform,  and  to  be  so 
arranged  as  to  pump  at  will,  from  the  well  at  after  end  of  tunnel,  from  after 
hold,  from  three  places  in  engine-room,  and  from  the  forehold.  Each  valve 
to  be  marked  with  the  part  of  the  vessel  to  which  its  pipe  leads,  and  each 
pump  to  be  fitted  with  a  small  test  cock. 

18.  Sanitary  Pump. — To  be  fitted  on  back  of  condenser,  and  worked 
from  a  stud  on  side  of  air-pump  lever.  The  plunger  to  be  of  brass,  3  in. 
diameter  and  12  in.  stroke.  To  nave  a  suction  pipe  from  sea,  and  discharge 
pipe  leading  to  distributing  tank  above  the  bridge  deck.  A  branch  pipe 
between  this  discharge  and  donkey  pump  discharge  to  deck,  to  be  fitted  so 
that  water  can  be  pumped  into  this  tank  by  donkey  pump,  when  the  vessel 
is  in  port, 

19.  Donkey  Pump. — A  double-acting  steam  donkey  pump  to  be  fitted 
with  8  in.  cylinder,  10  in.  stroke,  and  having  connecting-rod,  crank  shaft, 
and  fly-wheel.  To  be  arranged  with  all  the  necessary  valve  chests,  to 
enable  it  to  draw  from  sea,  and  from  bilge  of  all  compartments,  or  from  the 
hot  well,  and  to  discharge  into  main  and  donkey  boilers,  or  through  con- 
denser, or  overboard,  or  on  deck.  The  pump-rod  liner,  valves,  valve  seats, 
stops  for  valves,  glands,  and  neck  rings  to  be  all  of  cast-brass. 

20.  Hand  Pump.— A  hand  pump  to  be  fitted  near  the  donkey  pump  in 
engine-room,  capable  of  drawing  and  discharging  in  the  same  ways  as  the 
donkey  pump,  and  to  be  worked  with  hand  lever  from  the  gratings  round 
cylinders  at  the  level  of  main  deck. 

21.  Stern  Tube.— To  be  of  very  strong  cast-iron  If  in.  thick,  firmly 
secured  into  sternpost  and  fastened  with  a  strong  wrought-iron  nut  outside. 
To  have  a  brass  bush  at  outer  end  3  ft  9  in.  Ions,  lined  with  staves  of 
lignum- vit®,  and  fastened  into  the  tube  with  an  outer  flange  and  6  brass  screw 
puis  1£  in.  diameter.  Inner  end  of  tube  to  have  a  stuffing-box  12  in.  deep, 
with  brass  neck  ring  10  in.  deep.  The  gland  to  be  bushed  with  brass,  and 
to  be  secured  with  6  brass  studs  H  in.  diameter,  having  brass  nuts. 
Two  of  these  studs  to  be  Ion*  enough  to  admit  of  stuffing-box  being  packed 
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without  taking  off  the  nuts.    A  water  cock  to  be  fixed  near  gland  in  the 
same  way  as  the  tunnel  bearings. 

22.  Propeller. — Propeller  boss  to  be  of  very  strong  east-iron,  and  fitted 
with  four  removable  blades  of  mild  cast-steel,  each  of  which  is  to  be 
fastened  to  the  boss  with  flanges  29  in.  diameter,  2}  in.  thick,  by  9  mild 
steel  studs  2{  in.  diameter.  The  studs  to  be  fitted  with  brass  nuts,  capped, 
and  each  provided  with  a  brass  pinching  pin,  to  prevent  slacking  tack. 
The  after  end  of  shaft  to  be  tapered  }  in.  to  1  foot,  and  boss  secured  to 
it  with  a  key  the  whole  length  of  boss  (24  in.  broad  by  1^  in.  thick),  and  a 
strong  wrought-iron  nut  with  a  steel  cotter  pin  put  through  point  of  shaft 
to  prevent  the  nut  slacking  back. 

23.  Valve  Chests  and  Cocks.— All  valve  chests  of  cast-iron  to  have  cast 
brass  valves,  valve  seats,  spindles,  and  glands.  All  valve  chests  of  3 
inches  diameter  and  smaller  to  be  entirely  of  brass.  All  cocks  exposed 
to  boiler  pressure  to  have  jointed  covers  and  packing  glands.  Blow-off  cock 
on  ship's  bottom,  to  have  spigot  and  brass  nange  outside,  secured  through 
ship's  plating  with  brass  bolts  and  nuts,  and  to  have  four  feathers  from 
bottom  flange  to  sides  of  cock.  The  sea  suction  valve  chest  for  circulating 
pump  to  be  a  very  strong  casting  of  tough  iron,  enlarged  where  riveted  to 
ship's  plating  to  at  least  three  times  the  area  through  valve,  and  fitted  with 
a  cast-crass  rose  plate  secured  with  brass  studs  and  nuts. 

24.  Pipes. — All  pipes,  except  bilge  suction  pipes,  in  connection  with  the 
engines  and  boilers  to  be  of  copper.  Main  steam  pipe  to  be  No.  3  B.  W.G. ; 
main  feed  and  blow-off,  No.  6 ;  discharge  pipes  from  air  and  circulating 
pumps,  No.  7 ;  and  waste  steam  pipe,  No.  11  B.W.G.  All  sheets  for  out- 
side bends  to  be  one  number  of  the  W.G.  thicker  than  specified.    All  copper 

K'pes  above  }  inch  bore  to  be  secured  together  with  flanged  joints.  Pipes  to 
>  all  tested  with  water  pressure  to  double  their  working  pressure  before* 
being  fitted  on  board,  and  secured  where  necessary  with  wrought-iron  straps 
lined  with  sheet  lead.  Bilge  suction  pipes  to  be  of  lead,  3  inches  inside 
diameter,  and  fitted  together  with  flanged  joints  and  wrought-iron  washer 
rings,  in  lengths  of  not  more  than  12  feet.  These  pipes  to  be  supported 
by  hard- wood  rests  secured  firmly  to  ship's  floors. 

25.  Packing  Glands. — All  glands  about  the  engines  and  boilers  which  are 
not  of  brass  to  be  bushed  with  brass,  and  to  have  brass  neck  rings.  Hie 
piston-rod  and  valve  spindle  glands  to  have  saucers  cast  on  them  for 
catching  oil. 

26.  Governor.— Aii  approved  patent  governor  to  be  fitted  in  a  convenient 
position  in  engine-room,  and  connected  to  a  separate  throttle  valve  in  main 
steam  pips. 

27.  Turning  Gear. — To  have  small  steam  engine,  say  cylinder  6  inches 
diameter,  and  6  inches  stroke,  with  a  fly-wheel  on  its  crank  shaft,  in  a  suitable 
position  for  working  by  hand.  The  turning  arrangement  to  consist  of  two 
sets  of  worm  gearing,  both  worms  wrought-iron  or  steel,  the  large  one  to  be 
capable  of  being  easily  and  securely  put  out  and  into  gear,  and  to  be  fitted  with 
a  square  on  head  of  spindle,  with  strong  ratchet  lever  for  working  bv  hand. 

28.  Indicator  Gear.— Indicator  cocks  and  pipes  }  inch  diameter  (inside), 
to  be  fitted  to  both  cylinders  with  all  necessary  gear  for  conveniently  taking 
diagrams. 

29.  Gauges.— One  steam  gauge  for  each  of  the  main  boilers  to  be  fitted  in 
stoke-hole,  one  steam  gauge  for  donkey  boiler,  and  one  steam,  one  vacuum, 
and  one  compound  gauge  to  be  fitted  in  engine-room.  All  gauges  made  by 
approved  makers,  and  all  7  inches  diameter,  except  the  one  for  donkey 
boiler,  which  is  to  be  4  inches  diameter.  Gauge  pipes  to  be  all  of  solid 
drawn  copper,  jointed  with  ground  screw-couplings. 
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30.  Telegraph.  —To  be  fitted  from  both  upper  and  lower  bridges  to  engine- 
room  on  the  reply  principle.  The  communication  between  the  dials  to  be 
effected  by  means  of  wires  and  copper  chains,  with  brass  guide  pulleys  at  all 
angles,  Both  bridge-stands  to  be  of  brass,  and  the  dials  fitted  with  lamps 
in  the  usual  way. 

31.  Clock  and  Counter. — A  neat  engine-room  clock  and  revolution 
counter  combined,  to  be  fitted  in  a  convenient  position. 

32.  Steam  Whistle.— A  steam  whistle  3  inches  diameter  on  the  organ 
principle,  to  be  fitted  on  front  of  funnel  at  approved  height  from  bridge 
deck.  The  whistle  steam  pipe  to  be  connected  to  both  main  boilers,  and 
tlso  to  donkey  boiler. 

33.  OH  Lubricators. — An  approved  patent  lubricator  to  be  fitted  to  high- 
pressure  casing  or  main  steam  pipe.  All  oil  boxes  on  engines  to  be  made  of 
cast-brass,  with  hinged  covers  also  of  cast-brass  where  required.  Piston- 
rods,  connecting-rods,  and  piston-rod  and  valve-spindle  guides  to  be  sup- 
plied with  oil  from  central  boxes  fixed  to  sides  of  cylinders,  or  where  found 
most  convenient,  with  separate  compartments  for  each  syphon.  These  boxes 
to  be  all  finished  bright.  The  crank  pins  to  have  each  two  oil  pipes  $  in. 
•diameter,  one  on  each  side  of  connecting-rods. 

34.  Water  Cooling  Pipes  and  Cocks. — One  brass  water  cock  to  be  fitted  in 
a  convenient  position  near  each  of  the  main  bearings,  and  two  brass  water 
•cocks  to  be  fitted  for  each  crank  pin,  all  with  f  in.  diameter  brass  telescope 
pipes.  The  water  to  be  supplied  direct  from  the  sea,  and  a  branch  pipe  to 
be  led  all  along  tunnel  with  a  brass  cock  at  each  bearing  for  intermediate 
.shafting.  The  thrust  shaft  collars  to  have  each  a  brass  cock  and  pipe.  A 
brass  cock  2  in.  diameter,  to  be  fitted  to  discharge  from  circulating  pump  to 
•condenser,  suitable  for  connecting  to  an  india-rubber  hose  of  same  diameter, 
and  of  sufficient  length  for  the  conductor  to  reach  any  of  the  bearings  in 
engine-room. 

35.  Steam  Pipe  Covering.  — All  steam  pipes  in  engine-room  and  holds  to 
be  thickly  covered  with  hair,  felt,  or  other  approved  non-conducting 
material,  and  neatly  covered  with  canvas. 

36.  Painting.— The  whole  of  the  engines  (with  the  exception  of  bright 
work  and  copper  pipes  which  are  not  covered),  to  be  painted  with  three 
•coats  of  best  oil  paint  in  any  colour  that  may  be  required,  and  to  be  finished 
with  two  coats  of  bright  varnish. 

37.  Overhauling  Gear. — Strong  beam  and  two  sets  of  screw  gear  to  be 
fitted  for  lifting  cylinder  and  casing  covers,  also  shackles,  eye  bolts,  Ac,  to 
be  fitted  where  required,  for  convenience  in  overhauling  main  bearings, 
condenser  doors,  pump  covers,  &c 

38.  Store-Boom. — To  be  fitted  up  where  required  with  waste  locker, 
drawers,  shelves,  &c,  with  sufficient  accommodation  for  spare  gear  and 
engine  and  boiler  working  tools  and  stores. 

39.  General  Finishing. — Gratings,  ladders,  handrails,  &c,  to  be  fitted 
where  required  for  the  convenient  working,  overhauling,  and  cleaning  of 
the  engines  and  boilers.  Engine-room  and  stoke- hold  to  be  well  lighted 
with  strong  copper  or  brass  lamps,  fitted  with  plate  glass  and  fixed  where 
most  convenient.  The  engine  room  and  stoke-hold  floors  to  be  of  cast-iron 
foothold  plates,  fitted  upon  wood  or  iron  sleepers  as  may  be  required,  the 
wing  plates  in  stoke-hold  to  be  bolted  down. 
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Lecture  XXIIL— Questions. 

1.  Sketch  and  describe  by  an  index  of  parts  a  front  and  a  side  elevation 
of  the  piston,  piston-rod,  crosshead,  connecting-rod,  and  crank  shaft 
of  the  low-pressure  cylinder  of  a  compound  inverted-cylinder  marine 
engine.  Write  out  a  specification  in  your  own  words  for  these  various 
parts,  referring  to  each  part  in  your  sketch  by  the  index  letters. 

2.  Sketch  and  describe  the  expansion  and  ordinary  slide  valve,  with 
steam  ports; as  fitted  to  the  high-pressure  cylinder  of  a  compound  inverted- 
cylinder'  marine  engine.  Also  include  the  valve  spindles,  link  motion, 
eccentric-rods,  and  eccentrics,  and  write  out  a  complete  specification  of 
the  various  parts  referring  to  them  by  the  letters  on  your  drawing  and 
index. 

3.  Sketch  the  low-pressure  cylinder  double-ported  slide  valve,  with 
steam  ports,  valve  spindle,  balanced  piston,  link  motion,  eccentric-rod,  and 
eccentrics  complete,  as  fitted  to  a  compound  inverted-cylinder  marine 
engine. 

4.  In  a  compound  cylinder  engine,  sketch  a  sectional  side  elevation  only, 
through  half  of  each  of  the  cylinders,  and  describe  some  mode  of  construc- 
tion whereby  expansive  working  may  be  carried  out  in  the  high-pressure 
cylinder. 

5.  Sketch  sectional  front  elevation  only,  and  describe  by  an  index  of 
parts  the  cylinders,  cylinder  covers,  slide  valves,  valve  spindles,  valve 
ports,  pistons,:  and  piston-rods,  with  elands  complete,  of  a  modern  compound 
mverted-cylinfler  marine  engine.  Write  out  in  your  own  words  a  specifica- 
tion for  the 'various  parts  shown  in  your  sketches,  referring  to  each  part  by 
the  letters  in  your  index. 

6.  Sketch  and  describe,  by  index  of  parts,  the  general  arrangement  of  an 
inverted-cylinder  compound  marine  engine,  showing  by  a  front  and  side 
section  and  plan  the  steam  cylinder,  the  air  pump,  and  the  condenser,  &c 
What  advantages  and  disadvantages  has  this  form  over  the  simple  con- 
densing engine  of  the  same  type  ? 

7.  You  are  required  to  describe  the  complete  general  arrangement  by  a 
sketch  and  index  of  parts  of  some  form  of  compound-cylinder  marine  engine 
of  the  condensing  type,  with  boilers  and  principal  pipe  connections.  Show 
clearly  the  manner  in  which  steam  is  conveyed  from  the  boilers  to  the  engines, 
and  distributed  between  the  cylinders,  and  how  it  finally  passes  into  the 
condenser,  also  how  the  condensed  water  is  returned  to  the  boilers. 

8.  Explain  the  principle  of  the  compound  or  double-cylinder  engine. 
State  all  the  advantages  and  disadvantages  of  the  compound  engine  as 
compared  with  the  simple  condensing  engine,  and  clearly  point  out  the 
action  of  the  steam  in  each  case. 

9.  Sketch  any  arrangement  with  index  of  parts,  and  describe  thoroughly 
how  it  is  worked  for  starting,  stopping,  and  reversing  a  marine  engine  by 
steam  starting  gear. 

10.  Sketch  a  section  through  the  cylinders  and  valve  of  a  compound 
engine  where  one  valve  placed  between  tJie  cylinders  is  used  for  the  distribution 
of  the  steam.  Explain  the  action  of  the  valve  by  any  sketches  which  may 
be  necessary.  [Adv.  S.  and  A.  Exttm.,  1S89.)  Thtatsan  obsolete  arrangement 
constating  of  two  loos  D  or  Mordock's  slide  valves  placed  back  to  back,  and  moulded  Into 
a  single  hollow  bat  closed  pipe,  with  ports  at  each  end.  See  Frof.  Qoodeve's  Text-Book  on 
iht  Steam  Engine,  p.  236. 
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LECTURE  XXIV. 
TRIPLE-  AND  QUADRUPLE-EXPANSION  ENGINES. 

Contents. — Theory  of  Triple-Expansion  Engines* — Triple-Expansion 
Engines  of  the  S.S.  Arabian— Rankin  &  Blackmores  Quadruple- 
Expansion  Disconnective  Engines— Brock's  Patent  Quadruple-Expansion 
Engines  for  the  S.S.  Buenos  Aires. 

Theory  of  Triple-Expansion  Engines. — Economy  of  coal  is  one  of 
the  chief  things  to  be  kept  in  view  by  engineers  in  designing 
most  kinds  of  steam  engines,  but  more  especially  in  the  engines 
for  steamers  intended  for  long  voyages.  Not  only  does  every 
ton  of  coal  saved  mean  a  ton  of  freight  earned,  but  it  also  means 
a  saving  of  expense  in  firing,  and  in  many  trades  of  time  in 
stopping  to  coal  at  outlying  ports,  where  the  fuel  is  expensive. 

Within  the  last  twenty  years  the  chief  direction  in  which 
economy  has  been  sought,  has  been  by  a  gradual  increase  of  the 
steam  pressure.  Unfortunately,  however,  as  we  increase  the 
pressure,  we  do  not  gain  proportionately  in  efficiency  (as  will 
be  seen  from  the  following  table),  and  a  time  must  come  when  it 
will  not  pay  to  increase  the  pressure  further,  from  the  difficulty 
of  keeping  the  cylinders  lubricated  at  high  temperatures,  as  well 
as  from  the  untrustworthiness  of  steel  for  the  furnaces  at  a  blue 
heat  (about  470°  F.),  and  the  necessarily  increased  thickness  of 
the  boiler  plates,  <fec. 

As  we  pointed  out  in  Lecture  XII.,  the  utmost  efficiency 
possible  with  a  steam  engine  (supposing  no  practical  difficulties 
intervened  to  prevent  its  realisation)  is  represented,  by  the 
difference  between  the  absolute  temperatures  of  the  boiler  steam  and 
that  of  the  condenser,  divided  by  the  absolute  temperature  of  the 
former. 

Or  by  the  formula — 

-2 l,  (see  page  90). 

Where  r%  =  the  absolute  temperature  of  the  boiler  steam, 
and  rx  =*        „  „  „         of  the  condenser. 

*  The  student,  before  commencing  this  Lecture,  should  again  review 
what  we  said  in  Lecture  XII.  and  the  latter  parts  of  Lectures  XIV. 
and  XV. 
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Now,  assuming  the  temperature  of  the  condenser  to  be  100° 
Fah.,  the  efficiency  as  we  increase  the  pressure  from  steam  of 
atmospheric  pressure  to  that  of  300  lbs.  on  tli3  square  inch,  is 
given  in  the  following  table : — * 


For 


0  lbs.  or  Atmospheric  pressure  the  efficiency  =16*6  per  cent. 
10  „         boiler  pressure  by  gange       ,,  =  20*0 

20  „ 


30 
40  „ 
50  „ 
60  „ 
80  „ 
100,, 
125,, 
150,, 

200,, 
250,, 
300,, 


=  221 
=  237 
=  25-0 
=  26-1 
=  27-0 
=  28-6 
=  29  8 
=  31*1 
=  32-2 
=  33-9 
=  353 
=  36  6 


From  the  above  table  it  will  at  once  be  seen  that  Watt,  in 
working  with  low  pressure  steam,  had  at  his  disposal  the  most 
proline  portion  of  the  efficiency  curve,  and  as  we  gradually  raise 
the  pressure,  the  rate  of  increase  of  efficiency  becomes  less  and 
less,  until  about  300  lbs.  the  curve  becomes  very  flat. 

The  actual  efficiencies  of  steam  engines  must,  in  practice,  for 
many  reasons,  be  always  much  less  than  the  above  values ;  the 
chief  reason  being  the  condensation  of  steam  in  the  cylinder  or 
cylinders.  Nevertheless,  the  ratio  of  the  above  figures,  or  the 
curve  plotted  from  them,  will  be  proportional  to,  or  represent  tor 
scale,  the  relative  efficiencies  of  engines  working  at  different 
pressures,  if  we  assume  that  the  sum  of  all  the  losses  which 
contribute  to  the  reduction  of  the  actual  below  the  theoretical 
efficiency,  is  proportional  to  the  work  done  in  the  engine  cylinder 
or  cylinders.  In  advancing  from  60  lbs.  (the  usual  pressure 
adopted  on  the  introduction  of  the  compound  engine  and  for 
several  years  afterwards)  to  150  lbs.  (the  pressure  now  being 
used  in  most  triple-expansion  engines),  we  see  that  the  efficiency 
rises  from  27  0  to  322  =  52.  Or,  as  27  : 5-2  : :  100 :  m  =  19-25  per 
cent,  increase  of  efficiency.  But  from  the  actual  trials  of  a  mail 
steamer,  the  engines  of  which  were  altered  from  compound  to 


*  The  stadent  should  verify  the  accuracy  of  the  above  table  for  himself 
by  calculation,  referring  for  the  temperatures  corresponding  to  the  various 
steam  pressures  (absolute)  to  table,  p.  62,  and  for  the  percentage  efficiencies 
to  the  data  given  at  p.  90;  he  should  then  plot  out  an  efficiency  curve,  using 
the  boiler  pressures  for  absciss®  and  the  corresponding  efficiencies  fot 
ordinates. 
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triple-expansion,  the  decrease  in  the  consumption  of  coal  was  33* 
per  cent,  while  the  speed  remained  the  same.f 

Several  other  instances  of  increased  economy  due  to  the 
adoption  of  higher  pressures  and  triple-expansion  engines,  are 
given  by  Mr.  Parker,  Chief  Engineer  Surveyor  of  Lloyd's  Register, 
whose  position  gives  him  exceptional  opportunities  for  observing 
the  improvements  being  effected  throughout  the  world  in  marine 
engines.  One  other  of  these  instances  we  shall  quote  here. 
"Two  large  passenger  steamers  of  over  4500  gross  tonnage, 
having  engines  of  about  6000  I.H.P.,  built  of  the  Bame  dimen- 
sions, from  the  same  lines,  with  similar  propellers,  are  exactly 
alike  in  every  respect  except  so  far  as  their  machinery  is 
concerned.  One  vessel  is  fitted  with  triple-expansion  engines, 
working  at  a  pressure  of  145  lbs.  per  square  inch,  whilst  the 
other  vessel  is  fitted  with  ordinary  compound  engines,  working 
at  a  pressure  of  90  lbs.  per  square  inch.  Both  vessels  are 
engaged  in  the  same  trade,  and  steam  at  the  same  rate  of  speed, 
viz.,  12  knots  per  hour.  The  latter  vessel  on  a  round  voyage* 
of  84  days  burns  1200  tons  more  coal  than  the  former." 

The  fact  that  a  greater  increase  in  economy  is  actually 
realised  with  triple-expansion  engines  than  what  we  might  have 
been  led  to  expect,  from  merely  taking  the  performances  of 
compound  engines  and  the  proportionate  increase  of  pressure  into 
account,  shows,  that  the  triple-expansion  engine  works  under 
conditions  more  nearly  approaching  to  those  required  for  the 
maximum  efficiency.  This  may  be  partly  accounted  for  from  the 
circumstance,  that  the  range  of  temperature  through  which  the 
steam  passes  in  any  one  cylinder  in  the  course  of  one  revolution 
is  less,  and  consequently  the  wasteful  condensation  of  steam  is 
reduced. 

For  example. — (1.)  Take  steam  of  60  lbs.  boiler  pressure,  doing 
work  in  a  compound  engine. 

Then  60  lbs.  -  75  lbs.  absolute  =  307°  Fah.  (See  Table,  p.  60). 

Let  this  fall  in  temperature  through  two  cylinders  to  the 
condenser  at  100°  Fah. 

.•.  — K — = =  103° *5  for  the  fall  in  temperature  in  each 

2  cyls.  r 

cylinder,  supposing  the  fall  to  be  equal  in  each. 

*  The  compound  engine  was  poor,  and  25  per  cent,  sufficient. 

t  See  paper  "  On  the  Progress  and  Development  of  Marine  Engineering," 
by  W.  Parker,  Esq.— read  before  the  Institute  of  Naval  Architects,  July 
29,  1886,  and  reported  in  Tfie  Engineer  and  Engineering,  Aug.  6,  1886L 
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(2.)  Take  steam  of  90  lbs.  boiler  pressure,  doing  work  in  a 
compound  engine. 

Then  90  lbs.  =  105  lbs.  absolute  -  331°-3  Fah. 

.\  s — i =  1150,6  for  the  mean  fall  in  each  cylinder. 

2  cyls.  J 

(3.)  Take  steam  of  150  lbs.  boiler  pressure,  doing  work  in  a 
triple-expansion  engine. 

Then  150  lbs.  =  165  lbs.  absolute  -  366°  Fah. 

.•.  — 5 — ^ =  88° -6  for  the  mean  fall  in  each  cylinder. 

(4.)  Take  steam  of  200  lbs.  boiler  pressure,  doing  work  in  a 
quadruple-expansion  engine. 

Then  200  lbs.  =  215  lbs.  absolute  =  388°  Fah. 

388°  _  100° 

.'.  — -A 1 =  72°  for  the  mean  fall  in  each  cylinder. 

4  cyls.  ' 

(5.)  200  lbs.,  with  five  expanding  cylinders,  gives  a  mean  fall 
of  57  *6  Fah.  for  each  cylinder. 

The  leakage  of  heat  energy  to  the  condenser  is  also  less,  for 
the  same  power  developed  by  the  engines  on  the  triple  and 
quadruple  expansion  principle.  No  doubt  a  great  deal  of  the 
greater  economy  that  may  be  obtained  from  triple-  and  quadruple- 
expansion  engines  depends  upon  properly  proportioning  the 
areas  of  the  several  cylinders  and  receivers,  so  as  to  take  as  full 
advantage  of  the  expansion  of  the  steam  as  possible.  In  order 
to  illustrate  this  point,  Mr.  Parker  of  Lloyd's,  in  the  paper 
already  referred  to,  instances  two  sets  of  engines  made  by  two 
well-known  firms.  "  In  engine  No.  1,  the  cylinders  are  pro- 
portioned as  1  : 2-5:  7-11;  the  boiler  pressure  is  150  lbs.  per 
square  inch,  and  the  mean  pressure  of  the  three  cylinders 
reduced  to  the  low-pressure  cylinder,  is  25-61  lbs.  In  engine 
No.  2,  the  cylinders  are  proportioned  as  1  :  2*5  :  5-28 ;  the  boiler 
pressure  is  135  lbs.  per  square  inch,  and  the  mean  pressure 
reduced  to  the  low-pressure  cylinder,  is  32-1  lbs.  per  square  inch. 
It  will  be  seen  at  once  that  engine  No.  2  is  not  using  the  steam 
so  expansively  as  engine  No.  1,  and  in  proportion  to  the  size  of 

32*1 
low-pressure  cylinders,  it  is  doing  s^fi"  or  1*253  times  as  much 

work  as  No.  1.     On  measuring  the  amount  of  steam  used  per 
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revolution  from  the  indicator  diagrams,  it  was  found,  however, 

that  engine  No.  2  used  1*494  times  as  much  weight  of  steam  as 

engine  No.  1;  and  as  it  only  did  1*25*  times  as  much  work,  the 

1*494 
efficiency  of  No.  1  must  be  ,-^v  or  1*19  times  greater  than  that 

of  No.  2;  in  other  words,  No.  1  engine  would  give  19  per  cent, 
more  power  than  No.  2,  from  the  same  weight  of  steam  used. 

Engineers  and  the  owners  of  steamships  generally  are  fast 
recognising  the  advantages  of  the  triple-expansion  engine  over 
the  ordinary  compound  form ;  so  much  so  is  this  the  case,  that 
41  sets  of  triple-expansion  engines  have  been  built  during  the 
first  half-year  of  1886,  as  compared  to  60  pairs  of  compound 
engines,  and  there  are  in  hand  at  present  (Aug.  1886)  no  less 
than  128  sets  of  triple-expansion  engines,  as  compared  to  71 
pairs  of  compound,  independent  of  23  sets  being  built  for  the 
British  Royal  Navy,  which  are  expected  to  equal  130,000  com- 
bined I.H.P.  The  chief  stimulus  to  this  rapid  change  was  given 
by  Mr.  A.  0.  Kirk  of  Messrs.  Robert  Napier  &  Sons,  who  in 
1881  designed  and  built  the  engines  and  boilers  of  the  S.S. 
Aberdeen  (referred  to  at  p.  132);  for,  previous  to  that,  no  one 
had  had  the  courage  to  use  steam  of  125  lbs.  at  sea  for  large 
vessels  in  a  boiler  of  the  ordinary  marine  type. 

Seeing  that  we  are  so  close  to  what  appears  to  be  the  limit  of 
pressure  that  can  be  economically  and  safely  used  in  large  marine 
engines,  engineers  will  soon  have  to  turn  their  attention  in  other 
directions  than  that  of  still  further  increasing  the  steam  pressure, 
in  order  to  save  the  coal  bill ;  such  as  better  methods  of  com- 
bustion, and  of  transferring  heat  from  the  furnace  or  fuel  to  the 
water,*  and  to  reducing  the  amount  of  power  absorbed  by  the 
machinery  itself.  At  least  50  per  cent,  of  the  power  developed 
in  the  cylinders  of  the  very  best  marine  engines  of  the  present 
day,  is  absorbed  or  lost  in  overcoming  frictional  and  other  re- 
sistances, thus  leaving  only  about  half  the  power  generated  in 
them  for  the  main  and  useful  purpose  of  propelling  the  ship. 

Triple-Expansion  Engines,  S.S.  "Arabian." — The  following 
perspective  view,  and  the  accompanying  folding-page,  illustrates! 
a  successful  form  of  small   power  triple-expansion  twin-screw 

*  See  Industries,  Aug.  27, 1886,  p.  197,  and  The  Engineer,  Sept.  10,  1886, 
on  Marine  Boilers. 

t  We  are  indebted  to  Messrs.  Rankin  &  Blackmore  for  the  illustrations, 
reduced  from  what  appeared  as  a  large  two-page  engraving,  and  full-page 
perspective  view  in  Engineering,  on  July  25,  1884. 

Honours  Students  should  refer  to  the  Sixth  Edition  of  Seaton's  Manual 
Of  Marine  Engineering  for  views  of  the  different  ways  by  which  Triple  and 
Quadruple  Expansion  have  been  carried  out  in  practice. 
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engines,  manufactured  by  Messrs.  Rankin  k  Blackmorc  of 
Greenock  for  the  S.S.  Arabian.  This  steamer,  which  is  employed 
on  the  West  Coast  of  Scotland  Trade,  carries  about  240  tons  of 
cargo  on  a  light  draught,  and  is  126  feet  long,  22  feet  beam,  and 
9  feet  6  inches  depth  of  hold.  On  her  trial  trip,  April  26,  1884, 
she  attained  a  speed  of  10  knots,  on  a  mean  draught  of  5  feet 
7£  inches. 

The  engines  are  constructed  on  what  is  known  as  the  maker's 
Improved  Patent  Triple-Expansion  Disconnecting  Type  (of 
which  they  have  several  modifications  both  for  screw  and  paddle 
steamers),  suited  to  an  initial  pressure  of  150  lbs.  on  the  square 
inch. 


Triple-Expansion  Twin-Scrkw  Enqikss. 
By  Messrs.  Rankin  &  Blackmor*. 
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Arrangement  of  Cylinders. — Referring  to  our  illustrations  and 
to  the  "  Index  to  parts "  on  the  folding  page  (which  should  be 
carefully  compared  by  the  student  before  reading  the  following 
description),  it  will  be  seen  that  each  screw-shaft  has  but  one 
crank-shaft,  0  S,  above  which  are  mounted  two  cylinders  tandem 
fashion.  Above  the  port  shaft,  are  a  high-pressure  cylinder,  C,, 
9  inches  in  diameter,  and  an  intermediate  cylinder,  02,  18 
inches  in  diameter,  while  above  the  starboard  shaft  are  another 
high-pressure  cylinder,  Cv  also  9  inches  in  diameter,  and  a  low- 
pressure  cylinder,  CL,  32  inches  in  diameter.  The  stroke  in  all 
cases  is  22  inches.  The  intermediate  cylinder  is  surrounded  by  a 
receiver,  which  is  divided  into  two  parts,  of  which  the  lower  is 
connected  to  the  exhaust  pipes,  E  Pt  and  E  P  0V  from  the  two 
high-pressure  cylinders,  0lf  0,,  by  the  steam  pipe,  S  P  C2,  to  the 
intermediate  cylinder,  Cg.  The  upper  part  of  this  receiver  is  in 
communication  with  the  exhaust  pipe,  E  P  02,  from  the  inter- 
mediate cylinder,  and  is  also  connected  by  a  pipe,  S  P  Os,  with 
the  valve  chest  of  the  low-pressure  cylinder,  08.  This  pipe  is 
fitted  with  a  spring-loaded  relief- valve,  R  V,  opening  to  a  pipe 
which  can  discharge  into  the  atmosphere  any  steam  passing  the 
relief-valve.  There  is  also  a  smaller  spring-loaded  relief-valve, 
R  V1,  the  casing  of  which  has  two  branches,  the  one  communi- 
cating with  the  upper,  and  the  other  with  the  lower  portion  of 
the  receiver,  surrounding  the  intermediate  cylinder.  This 
arrangement  permits  steam  to  pass  from  the  lower  to  the  upper 
part  of  the  receiver,  as  soon  as  the  pressure  in  the  lower  part 
exceeds  a  certain  amount. 

Course  of  /Steam  Under  Different  Conditions  of  Working. — 
(1.)  With  both  engines  at  work,  steam  is  admitted  from  the  boiler 
by  the  steam  pipes,  S  P  Ox,  S  P  Cv  and  stop-valves,  S  V,  S  V,  to 
the  valve  chests  of  both  high-pressure  cylinders,  Cv  Ov  while 
the  exhaust  steam  from  them  passes  down  through  the  exhaust 
pipes,  E  Pj,  and  E  P  Gv  and  steam  pipe,  S  P  C2,  to  the  lower 
part  of  the  receiver  which  surrounds  the  intermediate  cylinder, 
Cp  and  passes  from  thence  to  the  valve  chest  of  that  cylinder. 
AJfter  having  done  its  work  in  the  intermediate  cylinder,  it  is 
exhausted  into  the  upper  part  of  the  surrounding  receiver,  and 
is  then  led  through  the  horizontal  pipe,  EP02, — SPOs,  to 
the  valve  chest  of  the  low-pressure  cylinder,  Og,  and  after  doing 
its  work  there,  it  is  finally  exhausted  into  the  condenser,  Co,  by 
the  exhaust  pipe,  E  P  CL  in  the  usual  way. 

(2.)  Suppose  the  starboard  engine  to  be  stopped  (by  means 
of  the  reversing  gear,  the  two  throttle  valves  remaining  open) 
and  the  port  engine  to  be  worked  alone.  Under  these  circum- 
stances the   steam  from  the  port  high-pressure   cylinder  will 
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exhaust  into  the  lower  part  of  the  receiver  surrounding  the 
intermediate  cylinder,  passing  thence  into  the  valve  chest  of  that 
cylinder,  doing  its  work  in  the  intermediate  cylinder,  and  exhaust- 
ing into  the  upper  part  of  the  receiver.  The  starboard  engine 
being  stopped  there  is  no  escape  for  the  steam  through  the  low- 
pressure  cylinder,  so  it  will  accumulate  in  the  upper  part  of  the 
receiver  until  the  pressure  is  sufficiently  high  to  raise  the  large 
spring-loaded  valve,  the  steam  then  escaping  into  the  atmosphere. 
(3.)  On  the  other  hand,  if  the  port  engine  be  stopped  and  the 
starboard  engine  be  worked  alone,  the  steam  from  the  starboard 
high-pressure  cylinder  exhausts  into  the  lower  part  of  the  re- 
ceiver around  the  intermediate  cylinder,  and,  there  being  no 
escape  through  the  intermediate  cylinder  valve  chest,  it  accumu- 
lates there  until  the  pressure  is  sufficiently  high  to  lift  the 
smaller  spring-loaded  valve,  R  V1,  when  it  escapes  into  the  upper 
part  of  the  intermediate  receiver,  and  hence  through  the  connect- 
ing exhaust  pipe  to  the  valve  chest  of  the  low-pressure  cylinder, 
where  it  is  utilised,  and  finally  exhausted  into  the  condenser  in 
the  ordinary  way. 

It  will  thus  be  seen  that  when  both  the  engines  are  running 
they  are  of  the  triple-expansion  condensing  type,  while  the  port 
engine,  when  running  alone,  is  of  the  compound  non-condensing 
class,  and  the  starboard  engine  when  working  alone,  of  the  com- 
pound condensing  class.  These  explanations  of  the  courses  taken 
by  the  steam  under  different  conditions  of  working  may  appear 
rather  complicated  to  follow,  but  there  is  not  in  reality  any 
complication  in  the  matter,  and  the  spring-loaded  valves  being 
automatic  in  their  action  the  arrangement  does  not  involve  any 
extra  work  in  handling  the  engines. 

Details — Piston,  Cylinders,  dec, — The  high-pressure  pistons  are 
fitted  with  Ramsbottom's  rings,  and  the  intermediate  and  low- 
pressure  pistons  with  Buckley's  rings  and  springs,  the  latter 
being  adopted  to  avoid  the  necessity  for  frequent  overhauling. 
It  will  be  seen  from  the  illustrations,  that  the  high-pressure 
cylinders  are  mounted  on  standards  or  distance-pieces  which  are 
cast  in  one  with  the  top  covers  of  the  intermediate  and  low- 
pressure  cylinders  respectively.  All  the  cylinders  have  their 
lower  ends  cast  solid  with  them,  and  there  are  no  loose  liners 
or  steam  jackets.  The  intermediate  and  low-pressure  cylinders 
are  each  supported  on  one  side  by  projections  from  the  condenser 
which  stands  between  them,  while  on  the  side  next  the  sides 
of  the  vessel  each  of  these  cylinders  is  carried  by  an  independent 
standard  or  column  as  shown.  The  bed-plates  with  the  crank- 
shaft bearings  are  both  bolted  to  the  condenser,  so  that  the  two 
engines  form  one  solid  structure. 
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Valve  Motion. — The  link-valve  motion,  LM,  is  marked  by 
some  special  features,  it  having  been  designed  to  keep  clear  of 
the  condenser,  which  would  have  been  in  the  way  of  ordinary 
double-plate  quadrants  when  working  in  full  gear  ahead.  To 
avoid  this  difficulty,  there  is  bolted  to  the  end  of  each  valve 
spindle  a  double-head  which  carries  the  quadrants  within  it,  and 
which  enables  them  to  be  made  much  shorter  than  would  be 
possible  with  the  ordinary  arrangement  with  a  solid  spindle 
head  between  the  quadrants.  The  double-heads  on  the  valve 
spindles  look  somewhat  massive,  as  they  have  of  course  to  be 
made  large  enough  to  allow  of  the  eccentric-rod  heads  passing 
between  them ;  but  the  arrangement  seems  to  answer  thoroughly 
well.  The  whole  of  the  working  parts  of  the  valve  gear  are 
made  adjustable. 

Higfhpressure  Slide  Valves. — As  will  be  seen  from  the  views 
on  the  folding-page,  each  valve  of  the  high-pressure  cylinders  is 
driven  by  its  valve  spindle  from  a  pin  guided  in  a  slot  of 
a  rocking  lever;  one  end  of  each  of  these  levers  being  a  fixed 
fulcrum,  while  the  other  is  coupled  by  a  connecting-rod  to  the 
corresponding  lower  valve  spindle.  The  high-pressure  valves 
are  thus  given  a  travel  equal  to  half  that  of  the  valves  of  the 
larger  cylinders  below. 

Pumps. — The  air,  circulating,  feed,  and  bilge  pumps  (one  of 
each)  are  worked  from  the  crank-shaft  of  the  starboard  engine 
by  eccentrics,  the  port  engine  driving  no  pumps.  The  air  and 
circulating  pumps  are  each  double  acting,  and  are  10  inches  in 
diameter  by  10  inches  stroke.  They  are  of  the  pattern  in  which 
a  plunger  works  to  and  fro  through  a  central  partition,  as  shown 
by  Fig.  1,  on  the  folding-page,  from  which  their  arrangement 
will  be  readily  seen.  The  pumps  with  these  valve  chambers 
form  part  of  the  condenser  casting.  The  only  packing  used  for 
the  plungers  is  water,  which  is  admitted  round  the  plunger 
where  it  works  through  the  partition  by  the  apertures  shown. 
This  arrangement  is  found  to  give  excellent  results ;  the  pumps 
work  with  exceedingly  small  friction,  and  the  vacuum  obtained 
is  quite  as  good  as  with  pumps  having  packed  buckets.  In  fact, 
Messrs.  Rankin  <fc  Blackmore  state  that  they  have  repeatedly 
obtained  from  28  to  29  inches  vacuum  in  engines  working  with 
steam  admitted  for  three-fourths  of  the  stroke.  The  section, 
Fig.  1,  just  referred  to,  is  taken  through  the  circulating  pump 
which  is  fitted  with  india-rubber  valves.  The  air  pump  is  fitted 
with  Kinghorn's  metallic  valves  for  both  suction  and  delivery. 
The  feed  and  bilge  pumps  are  plunger  pumps,  and  are  worked  by 
arms  from  the  rods  of  the  circulating  and  air  pump  as  shown. 

Condenser. — The  condenser  contains  555  solid-drawn   brass 
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tubes,  5  feet  long  between  tube-plates,  f  inches  in  diameter  and 
No.  18  W.G.  thick.  The  condensing  surface  exposed  being  545 
square  feet.  The  tubes  are  packed  with  cotton  cord  and  screwed 
brass  glands.  The  condensing  water  is  forced  through  the  tubes, 
making  three  runs  of  the  length  of  the  condenser. 

General. — The  engines  above  described  have,  as  we  have 
already  stated,  been  designed  for  a  working  pressure  of  150  lbs. 
per  square  inch,  and  the  boiler  provided  in  connection  with 
them  is  illustrated  and  described  in  Lecture  XXVIII.  The 
slide  valves  of  the  two  high-pressure  cylinders  are  set  to  cut  off 
at  three-fourths  of  the  stroke,  while  those  of  the  intermediate 
and  low-pressure  cylinders  cut  off  at  five-eighths  of  the  stroke. 

The  total  indicated  horse-power  was  336,  and  the  consumption 
of  coal  was  but  1*75  lbs.  per  horse-power-hour  with  ordinary 
Scotch  coal. 

The  student  should  study  the  several  indicator  diagrams,  with 
all  the  data  attached,  on  the  folding-page,  and  as  a  useful  exercise 
he  should  plot  out  an  enlarged  combined-indicator-diagram- 
curve,  in  order  to  check  the  one  furnished  by  the  makers,  and 
thus  revive  his  acquaintance  with  the  information  given  at  the 
end  of  Lecture  XV. 

Quadruple-Expansion  Engines. — Quadruple-expansion  engines 
have  not  been  much  used  as  yet,  but  there  can  be  little  doubt, 
that  as  surely  as  the  compound  engine  replaced  the  simple 
condensing  engine  ten  to  fifteen  years  ago,  and  the  present  form 
of  triple-expansion  engine  (only  some  five  years  of  age),  is  fast 
supplanting  the  compound  engine,  so  the  quadruple-expansion 
engine  will  in  a  very  few  years  be  the  common  type  for  the 
propulsion  of  steam  vessels.  What  we  shall  come  to  next 
remains  to  be  seen,  but  it  seems  most  unlikely  that  we  can  go  on 
much  further  in  the  direction  of  increasing  the  pressure,  the 
number  of  cylinders,  and  the  number  of  expansions,  owing  to  the 
several  causes  enumerated  at  the  beginning  of  this  Lecture. 

We  here  illustrate  one  of  the  few  forms  of  quadruple-expansion 
engines  that  have  been  put  into  practice — viz.,  that  by  Messrs. 
Rankin  &  Blackmore  of  Greenock.  The  general  arrangement  of 
this  engine  will  be  at  once  understood  from  the  figures  and  the 
accompanying  index  of  parts.  The  object  aimed  at  by  this  design, 
besides  taking  advantage  of  higher  pressures  from  180  to  200  lbs. 
on  the  square  inch,  is  to  so  arrange  the  cylinders  and  other  parts, 
and  especially  the  connecting  pipes  and  their  valves  in  such  a 
manner,  that  should  one  cylinder  in  any  way  become  disabled, 
or  require  to  be  examined  or  repaired  at  sea,  it  and  the  cylinder 
tandem  to  it,  may  be  disconnected  from  the  other  pair  of  cylinders, 
by  simply  uncoupling  the  connecting-rod  of  the  disabled  side  at 
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Plan  op  Rankin's  Patent  Four  Cylinder 
Disconnective  Quadruple-Expansion  Compound  Engine. 


Ci, 
C,, 

c,; 

c4, 

PVi, 
BP, 
SVC„ 
SVCo, 


PVa 


for  Cylinder  High-Pres. 
„  „       First  later 

mediate. 
„  Cylinder  Second    ,, 
„  Cylinder  Low-Pres. 
„  Piston  Valves. 
,,  Boiler  Pipe. 
,,  Stop  Valve  to  Ci. 
„  Stop  Valve  to  Co. 


Index  to  Parts. 

SPClf  SPC, 


_  SPC8,  and  SPC4f 
for  Steam  Pipes  leading  to 
Cylinders,  Ci,  C2,  C8,  C4. 

EPC,,  EPC2,  EPC3,  EPC4,  for 
Exhaust  Pipes  from  Cylinders, 
Ci,  C2,  Cst  C4. 

RVC8,  for  Reducing  Valve  to 
Cylinder  Cs. 

Co,  for  Condenser.    - 


its  crank-shaft  end,  and  the  ship  kept  going  by  the  sound  pair  of 
cylinders.  The  facilities  thus  provided  for  working  one-half 
of  the  engines  should  the  other  half  become  disabled,  may  be  of 
great  practical  value  at  times,  for  it  may  be  the  means  of  bring- 
ing a  steamer  to  port,  when  otherwise  she  would  be  helpless. 

As  seen  from  the  side  elevation  and  plan,  and  the  index  to 
parts  below  the  plan,  there  are  four  cylinders,  Cv  0._„  tandem  and 
C3,  C4,  tandem,  proportioned  and  arranged  for  four  stages  of 
expansion. 

Ordinary  Working. — Under  ordinary  circumstances,  steam 
enters  from  the  boiler  by  the  boiler  pipe,  B  P,  and  stop  valve, 
S  V  Co,  to  the  valve  casing  of  the  high-pressure  cylinder,  Cr 
After  doing  its  work  in  this  cylinder,  th '^  steam  exhausts  by  the 
pipe,  E  P  Oj,  and  steam  pipe,  S  P  C^,  to  cylinder,  0p  whence  it 
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exhausts  by  the  diagonal  pipe,  E  P  CL  and  steam  pipe,  S  P  C8f 
to  cylinder,  08  (the  stop  valve,  S  V  Co  being  closed),  from  which 
it  exhausts  by  the  pipe,  EPOs  and  steam  pipe,  SPC4,  to  cylinder, 
CL  and  after  doing  work  there,  it  finally  exhausts  by  the  pipe, 
El* Oj,  to  the  condenser,  Co. 

Working  with  the  After  Cylinders  Idle. — The  stop  valve, 
S  Y  Co,  is  opened,  this  permits  the  steam  exhausting  from 
cylinder,  Cg,  to  go  direct  by  the  horizontal  pipe,  E  P  0V  into  the 
large  exhaust  pipe,  E  P  04,  and  from  thence  into  the  condenser, 
so  that  only  cylinders,  0V  and,  Cg,  are  in  action  like  an  ordinary 
tandem  compound  engine. 

Working  with  the  Forward  Cylinders  Idle. — The  stop  valves, 
S  V  CL  and,  S  V  Co,  are  both  closed,  while  the  reducing  valve, 
R  "V"  Og,  is  brought  into  action,  whereby  the  steam  enters 
cylinder,  08,  direct  from  the  boiler,  but  at  a  reduced  pressure, 
owing  to  the  action  of  the  valve,  RVCj,  and  after  doing  its 
work  there,  it  exhausts  into  cylinder,  C4,  by  E  P  Cs,  and  S  P  C4, 
and  from  thence  into  the  condenser,  Co,  by  the  exhaust  pipe, 
E  P  0V  as  before,  thus  leaving  cylinders,  0V  C2,  idle,  and  Oj,  C4, 
working  like  an  ordinary  tandem  compound  engine. 

Last  March  (1886),  Messrs.  Bankin  &  Blackmore  constructed 
the  engines  and  boilers*  on  the  above  principle  for  the  Steam 
Yacht  "  Rionnag-narMara"  carrying  out  quadruple  expansion 
by  six,  instead  of  four  cylinders,  or  by  three  pairs  of  tandem 
cylinders,  the  three  top  cylinders  being  all  high-pressure  and 
7  inches  in  diameter,  while  the  two  intermediate  cylinders  were 
respectively  16  in.  and  22  in.,  and  the  low-pressure  one  34  inches 
in  diameter,  all  having  a  stroke  of  24  inches.  The  reasons  why 
six  cylinders  were  adopted  instead  of  four  with  the  arrangement 
just  described,  were  that  the  engines  might  be  run  very  slowly 
(not  more  than  15  revolutions  per  minute),  for  fishing  purposes, 
and  with  the  view  of  distributing  the  power  equally  over  three 
cranks,  so  as  to  make  "  as  sweet  working  a  job  as  possible."  By 
admitting  steam  from  the  boiler  simultaneously  to  the  three 
high-pressure  cylinders  prompt  handling  is  ensured  without  the 
use  of  starting  valves,  as  the  three  cranks  are  set  at  120  degrees 
to  each  other. 

The  dimensions  of  the  yacht,  which  was  311  tons  Y.M.,  were 
170  ft  long,  21  ft  beam,  and  13  ft  6  inches  depth  (moulded), 
and  she  attained  a  speed  of  12  knots  per  hour;  the  engines 
developing  528  I.H.P.,  at  113  revolutions  per  minute,  the  steam 
being  expanded  to  twelve  times  the  original  volume  to  the  point 
of  cut-off  in  the  high-pressure  cylinders  before  exhausting  into 

*  These  engines  and  boilers  were  illustrated  and  very  folly  described  in 
Engineering,  on  April  9th,  1880. 
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General  View  of  Rankin's  Patent  Four-Cylinder  DisooNNEonri 
Quadruple  Expansion  Compound  Marine  Engine. 


Digitized  by 


Google 


263»  LECTURE  XXIV. 

the  condenser.  On  a  further  test  tor  coal  consumption,  the 
engines  developed  412  I.H.P.  at  102*2  revolutions,  expanding 
thirteen  times,  the  temperature  of  the  feed  water  being  150°  Fak, 
and  the  vacuum  25  inches,  using  only  1*125  lb.  of  Penrikyber 
Welsh  Goal  per  I.H.P.  per  hour.  This  result,  which  has 
probably  never  been  surpassed,  was  obtained  without  using  any 
other  lubrication  for  the  cylinders  than  the  condensed  steam 
which  naturally  took  place  to  a  certain  extent  inside  them. 
With  larger  engines,  such  as  would  be  required  for  an  Atlantic 
Liner,  the  makers  believe,  that  by  adopting  the  quadruple- 
expansion  principle,  a  consumption  of  1  lb.  per  I.H.P.  per  hour, 
will  yet  be  attained.  In  a  cruise  of  3,638  knots,  the  above- 
mentioned  yacht's  engines  gave  a  mean  consumption  of  1  -43  lbs. 
of  average  coal,  including  that  used  for  steam  to  steering-gear 
and  windlass. 

Brock's  Patent  Quadruple-Expansion  Engines.  — Ifc  is  un- 
necessary to  go  into  a  description  of  those  engines  as  a  whole, 
because,  with  the  exception  of  the  cylinders,  valves,  and  con- 
nections, the  design  and  arrangements  are  very  similar  to  those 
ot  the  best  known  form  of  inverted  cylinder  compound  marine 
engine,  such  as  that  described  in  Lecture  XVIII.  In  fact,  this 
quadruple-expansion  engiue  differs  only  in  the  substitution  of  a 
pair  of  tandem  cylinders  for  the  single  high-pressure  cylinder,  and 
another  pair  of  tandem  cylinders  for  the  single  low-pressure 
cylinder.  The  main  feature,  therefore,  of  this  particular  design, 
is  the  use  of  four  cylinders;  the  steam  being  expanded  successively 
in  each.  By  which  means  increased  economy  is  obtained,  due 
to  higher  pressures  than  can  be  efficiently  used  in  the  "  triple- 
expansion  "  engine. 

The  use  of  tandem  cylinders  enables  the  four  cylinders  to  be 
combined  with  only  two  cranks,  thus  saving  the  multiplication  of 
working  parts  involved  in  the  three-crank  triple-expansion  engine. 

Such  cylinders  as  hitherto  constructed  have  been  attended 
with  considerable  drawbacks,  notably  the  double  stuffing-boxes 
required  between  the  cylinders  for  the  piston-rods,  and  the  difficulty 
of  obtaining  access  to  the  lower  cylinders  for  examination  or  repair, 
without  removing  the  upper  ones.  This  involved  disconnecting 
valve  gear,  steam-pipes,  and  other  connections,  and  consequently 
entailed  considerable  waste  of  time  and  expense  to  the  owners. 
In  the  engines  under  description,  it  will  be  observed  from  the 
drawings  that — 

(1)  The  upper  cylinders  have  no  valves  or  pipe  connections 
fixed  to  them. 

(2)  The  distributing  valves  for  all  the  cylinders  are  in  casings 
attached  to  the  lower  cylinders. 
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(3)  The  number  of  stuffing-boxes  is  the  same  as  for  au  ordinary 
compound  engine,  the  usual  upper  tail  rod  stuffing  boxes  of  such 
engines  being,  in  this  case,  represented  by  the  metallic  packing  for 
the  piston-rods  between  the  two  cylinders. 

(4)  It  will  also  be  seen  that  the  upper  cylinders,  being  unen- 
cumbered by  valve  boxes  and  pipe  connections,  can  be  lifted  from 
their  place  with  almost  as  much  facility  as  ordinary  cylinder  covers. 
This  is  seldom  necessary,  as  it  will  be  observed  manhole  doors, 
M  H,  are  fitted  in  the  top  or  cover  of  the  lower  cylinders,  by  which 
access  is  had  to  their  interior,  except  when  the  cylinders  are  too 
small  for  this  to  be  done,  in  which  case  they  are  unnecessary,  the 
cylinders  themselves  being  so  easily  lifted.  Two  doors  opposite 
each  other  are  also  formed  in  the  bottoms  of  each  of  the  upper 
cylinders,  by  which  easy  access  is  obtained  for  examining  or  over- 
hauling the  metallic  packing  rings  of  the  piston-rods. 

The  pistons  are  of  cast-steel,  formed  conical,  and  of  a  single 
thickness  of  metal.  The  apices  of  the  cones  of  the  pistons  of  the 
upper  and  lower  cylinders  are  turned  towards  each  other,  and  the 
ends  of  the  cylinders  being  made  to  fit,  sufficient  space  is  thus  got 
between  the  cylinders  for  the  doors  described  above,  without 
adding  to  the  total  height  of  the  engine.  This  is  clearly  shown  in 
the  cross-section  through  each  pair  of  cylinders.  It  will  be 
observed  that  the  upper  cylinders  have  piston  valves,  and  the 
lower  ones  double-ported  flat  ones  of  the  usual  kind,  the  piston 
valve  and  the  slide  valve  for  each  pair  of  cylinders  being  contained 
in  the  same  casing.  The  high-pressure  cylinder,  C1,  and  second 
cylinder,  C2,  have  one  piston  valve,  V1,  and  one  slide  valve,  V2, 
mounted  on  the  same  spindle,  while  the  third,  C3,  and  low-pressure 
cylinder,  C4,  have  two  piston  valves,  V3,  and  two  slide  valves,  V4 
(there  being  two  valve  spindles  united  by  a  crosshead  underneath 
the  stuffing-boxes).  The  piston  valves,  V1  and  V3,  are  withdrawn 
when  required,  by  removing  the  covers  provided  on  the  top  of  the 
casings. 

The  lower  valves,  V2  and  V4,  are  arranged  so  as  to  slip  off 
their  spindles  without  the  latter  requiring  to  be  disconnected,  and 
are  withdrawn  with  great  facility  when  required,  by  doors  provided 
at  one  side  for  the  second  cylinder,  and  at  both  sides  for  the  low- 
pressure  cylinder,  all  as  clearly  shown  by  the  drawings. 

The  upper  piston  of  each  piston  valve  is  made  larger  in  diameter 
than  the  lower,  by  which  means,  as  the  entering  steam  is  between 
the  pistons,  the  weight  of  all  the  valves  and  gear  is  balanced,  or 
as  much  so  as  may  be  desired. 

The  course  of  the  steam  through  this  engine  is  pretty  clearly 
shown,  or  can  easily  be  inferred  from  the  figures,  but  it  may  be 
briefly  described  as  follows : — 
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The  steam  from  the  boiler  passes  to  the  engine  by  a  steam -pipe, 
S  P,  and  stop  valve,  S  V,  and  then  enters  by  a  passage  formed 
between  the  two  pistons  of  the  high-pressure  cylinder  valve,  V1, 
from  whence  it  is  distributed  in  the  usual  way  to  passages  leading 
to  the  top  and  bottom  of  cylinder,  C1.  In  this  way,  the  only 
parts  of  the  engine  exposed  to  the  full  boiler  pressure,  are  the 
small  part  of  the  valve  casing  between  the  pistons  of  the  high- 
pressure  valve,  and  the  high-pressure  cylinder  itself. 

The  steam,  on  leaving  this  high-pressure  cylinder,  exhausts  over 
the  ends  and  down  the  centre  of  the  piston  valve,  V1,  direct  into 
the  casing  beneath  for  valve,  V2.  This  casing  is  made  of  consider- 
able capacity  in  order  to  form  a  receiver  between  the  two  cylinders. 
The  object  of  this  is  to  enable  the  steam  admission  to  the  second 
cylinder  to  be  closed  sufficiently  early  to  prevent  the  exhaust 
pressure  in  the  high-pressure  cylinder  from  falling  too  low.  This 
was  a  great  defect  in  the  old  double  cylinder  or  "  Woolf "  com- 
pound engines,  in  which  the  exhaust  pressure  of  the  high-pressure 
cylinder  was  nearly  as  low  as  the  final  expansion  pressure  in  the 
low-pressure  cylinder,  involving  much  larger  ranges  of  temperature 
than  was  necessary. 

From  this  casing  the  steam  is  distributed  to  the  second  cylinder 
in  the  usual  way,  and  is  then  exhausted  into  a  receiver  cast 
round  the  second  cylinder,  as  is  usual  in  the  high-pressure  cylinder 
of  ordinary  compound  engines.  From  thence,  by  suitable  passages, 
it  reaches  the  space  between  the  pistons  of  the  piston  valves,  V3, 
of  the  third  cylinder,  and  so  on  as  described,  for  the  first  pair  of 
cylinders,  until  it  is  exhausted  into  the  condenser. 

The  following  set  of  indicator  diagrams  have  been  reduced  by 
photography  from  tracings  of  the  originals  that  were  taken  from 
the  cylinders  of  the  S.S.  Buenos  Aires  on  the  second  trial  trip  run 
over  the  Skelmorlie  measured  mile  on  November  23,  1887.  Tho 
diameters  of  the  cylinders  were  Cl  =  32",  C2  =  46£",  C*  =  64£", 
and  C*  =  92",  each  with  a  5-foot  stroke.  Steam  was  supplied  at 
169  lbs.  by  gauge,  the  vacuum  was  25£",  and  the  mean  revolutions 
68  per  minute,  which  gave  a  total  I.H.P.  of  4,318,  as  shown  by 
the  sum  of  the  indicated  horse-powers  of  the  four  cylinders. 
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Lecture  XXIV.— Questions. 

1.  Explain  how  greater  economy  of  coal  may  be  obtained  by  the  triple- 
expansion  engine  than  by  a  simple  coudensing,  or  by  a  simple  compound 
engine.  Give  any  authentic  instances  of  the  exact  consumption  of  coal  per 
I.H.P.  per  hour,  by  the  three  kinds  of  engines. 

2.  Work  out  in  full  and  tabulate  the  maximum  theoretical  efficiencies 
due  to  using  steam  of  different  pressures,  from  atmospheric  pressure  to  300 
lbs.  pressure  per  square  inch;  also  draw  an  efficiency  curve  from  your 
results,  to  a  scale  of  1  inch  =  50  lbs.  pressure,  and  1  inch  »  10  per  cent 
efficiency. 

3.  To  what  causes  do  you  attribute  the  difference  between  the  maximum 
theoretical  efficiency  from  using  steam  of  high-pressure  and  the  efficiency 
actually  obtainable  in  a  steam  engine  even  of  the  best  known  type  ? 

4.  What  good  reasons  have  you  for  supposing  that  the  practical  limits 
of  economy  and  safety  have  been  nearly  reached  in  the  direction  of  high- 
pressure  steam  and  multiple  expansion  in  marine  and  other  engines ?  In 
what  other  directions  must  engineers  now  turn  their  attention  in  order  to 
attain  greater  economy  of  coal  and  steam  ? 

5.  Make  a  section  through  the  cylinders  and  slide  valves  of  a  tandem 
engine,  where  the  two  pistons  are  on  the  same  rod,  and  the  steam  exhausts 
directiv  from  the  high-  to  the  low-pressure  cylinder. 

6.  Sketch  and  describe  fully  by  an  index  of  parts  any  form  of  triple- 
expansion,  marine,  or  other  engine  with  which  you  may  be  acquainted. 

7.  Sketch  and  explain  fully  by  an  index  of  parts  any  form  of  quadruple- 
expansion  engine  with  which  you  may  be  acquainted.  What  advantages 
are  claimed  for  such  engines  arranged  on  Rankin's  disconnective  plan, 
whereby  one  portion  of  the  engine  may  be  worked  while  the  other  is  idle  J 

8.,  Give  complete  freehand  sketches  through  the  cylinders  aud  slide  valves 
of  Brock's  patent  quadruple-expansion  marine  engines.  Explain  in  your 
own  words  the  complete  action  and  the  advantages  of  this  arrangement  of 
cylinders  and  valves. 

9.  Reduce  the  indicator  diagrams  from  the  four  cylinders  of  the  S.S. 
Buenos  Aires  (page  26Se)  to  one  scale  as  explained  in  Lecture  XV.,  pp.  129 
to  134.  Find  the  percentage  difference  of  work  done  in  one  stroke  between 
the  combined  area  from  these  four  reduced  diagrams  and  the  total  area 

included  by  a  curve  drawn  to  the  formula  p  v  -g- 

10.  What  would  be  the  probable  consumption  of  fuel  per  I.H.P.  per  hour 
in  the  most  approved  "  simple-condensing  "  and  "  triple-expansion"  engines 
respectively?  State  succinctly  what  are  the  differences,  if  any,  in  the 
initial  or  boiler  pressures,  in  the  grades  of  expansion,  and  in  the  construc- 
tion of  the  slide  valves  of  each  cylinder  of  the  triple  engine,  as  compared 
with  the  single  form,  in  order  to  obtain  higher  efficiency  in  the  compounded 
engine.  What  reasons  do  yon  assign  for  the  better  result  in  the  compound 
engine t    {Honours  8.  and  A.  Exam.,  1889.) 
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LECTURE  XXV. 

CYLINDERS  AND   SLIDE  VALVES. 

Contents.— Details  of  Engines*— Cylinders— Old  D  Slide  Valve—Ordinary 
or  Locomotive  Slide  Valve— Double-Ported  Slide  Valve— Gridiron 
Slide  Valve— Thorn's  Patent  Double-Ported  Trick  Valve— Piston 
Valve— Reversing  link  Motion. 

Details  of  Engines— Cylinders. — The  necessary  size  of  cylinder 
for  any  engine  may  be  calculated  by  the  formula  relating  to 
horse-power  given  in  Lecture  XVI.,  but  in  order  to  impress 
the  method  clearly  on  the  memory  of  the  student,  we  here 
repeat  the  formula  in  a  more  extended  form. 

Let  D  =  Diameter  of  the  cylinder  in  inches. 

p  =  Mean  pressure  of  steam  in  lbs.  per  square  inch. 
S  =  Speed  of  the  piston  in  feet  per  minute. 
HP  =  Horse-power  which  the  engine  is  required  to  indicate. 

Then,  since  the  area  of  the  cylinder  =  vr*  *=  -D* 


We  have 
And 


— r- 


P 
HP  = 

x  33,000 

T   X  S 

4 

x  -D*  x  S 
4 

HP 

P  * 

33,000 
/HP  x  42,016 

=2o5Vfl- 

Cast-iron  is  the  material  universally  employed  for  the  con- 
struction of  steam  engine  cylinders.  The  inside  of  the  cylinder 
barrel  is  usually  fitted  with  a  thin  liner,  which  is  made  of  a 
hard  close-grained  material  capable  of  taking  on  a  high  polish 
and  withstanding  the  rubbing  action  of  the  piston.  If  the  liner 
becomes  much  worn,  it  may  be  taken  out  and  replaced  by  a  new 
one  at  a  very  small  expense;  or  it  may  be  re-bored  if  only 
slightly  worn.  In  small  engines  it  is  not  usual  to  fit  the 
cylinders  with  liners,  but  the  metal  of  the  cylinder  barrel  is 
made  thicker  than  is  necessary,  so  that  when  the  cylinder 
becomes  much  worn,  it  may  be  re-bored,  and  fitted  with  a  new 
piston.  When  the  cylinder  is  to  be  steam  jacketed,  a  liner  is 
now  always  employed,  and  steam  is  circulated  round  the  annular 
space  between  the  cylinder  barrel  and  the  liner.     Liners  are 

*  Students  should  compare  the  details  in  this  Lecture  with  the  specifica- 
tion given  in  Lecture  XX  III. 
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usually  constructed  of  hard  cast-iron ;  but  recently  compressed 
steel  liners,  as  manufactured  by  Sir  Joseph  Whitworth's  patent 
process,  have  been  largely  employed,  and  have  given  satisfactory 
results.  The  method  of  fitting  in  these  liners  will  be  readily 
understood  by  reference  to  the  diagram,  p.  269.  The  interior  of 
the  cylinder  barrel  has  a  fitting  strip  at  each  end,  which 
projects  from  J  in.  to  J  in.  above  the  interior  surface  of  the 
barrel  itself ;  and  these  strips  are  bored  out  so  as  to  fit  exactly 
two  similar  strips  on  the  external  surface  of  the  liner.  The 
annular  space  between  the  liner  and  the  cylinder  barrel  is 
therefore  from  1  in.  to  1J  in.,  and  the  hot  steam  from  the 
boiler  is  passed  round  this  space.  The  liner  is  usually  fixed  in 
by  an  internal  flange  on  its  lower  or  inner  end,  which  is  some- 
times recessed  into  a  space  in  that  end  of  the  cylinder,  and  is 
attached  to  the  cylinder  end  by  screwed  pins.  To  prevent 
waste  of  steam,  it  is  necessary  that  the  joints  between  the  liner 
and  the  cylinder  barrel  should  be  steam  tight,  and  at  the  inner 
joint  this  may  be  effected  by  the  use  of  red  lead,  when  the  liner 
is  being  fixed  in  its  place.  At  the  back  or  upper  end,  however, 
a  small  groove  is  usually  bored  out  at  the  joint  immediately 
above  the  fitting  strip,  and  this  groove  is  packed  with  soft  rope, 
asbestos,  or  some  of  the  other  packings  in  general  use.  The 
packing  is  kept  in  position  by  a  thin  wrought-iron  ring  which 
is  fixed  to  the  top  of  the  liner.  A  very  simple  and  efficient 
plan,  is  to  caulk  a  thin  copper  ring  into  a  space  bored  out  for  it 
above  the  fitting  strip. 

One  of  the  ends  of  a  steam  engine  cylinder,  called  the  cover,  is 
always  bolted  on,  whilst  the  other  is  cast  along  with  the  cylinder 
barrel.  Usually  it  is  the  back  or  upper  end  which  is  separate 
from  the  cylinder  barrel.  In  large  engines,  and  all  jacketed 
engines,  this  cover  is  made  hollow,  and  the  flat  sides  are  con- 
nected by  ribs.  In  small  engines,  it  consists  simply  of  a  circular 
plate  of  metal.  This  cover  is  held  down  by  studs,  which  are 
screwed  into  a  flange  on  the  cylinder  barrel,  and  are  sufficiently 
strong  to  resist  the  full  initial  pressure  of  the  steam  acting  on  the 
area  of  the  cover.  The  pitch  of  these  studs  must  not  be  too  great, 
since  it  then  becomes  difficult  to  keep  the  joint  steam  tight 

Relief  valves  are  usually  fitted  to  the  cylinder  cover  and 
cylinder  end,  and  consist  of  simple  mushroom  valves  loaded  with 
springs.  (See  figs.,  Lectures  XX.  and  XXIII.)  Their  function 
is  to  allow  a  means  of  escape  for  the  water  which  collects  in  the 
cylinder,  either  by  the  "  priming  "  of  the  boiler,  or  by  condensation 
of  steam.  When  the  piston  approaches  the  end  of  its  stroke,  it 
forces  the  water  which  may  have  collected  in  the  cylinder  into 
tho  clearance  spaces ;  and  if  there  is  more  than  sufficient  water 
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to  till  the  clearance  spaces,  the  pressure  put  upon  it  opens  the 
relief  valves,  and  allows  it  to  escape. 

The  steam  ports  and  passages  are  almost  always  cast  along 
with  the  cylinder  barrel,  and  in  small  engines,  the  valve  casing 
also  forms  part  of  the  same  casting.  In  large  engines,  however, 
the  valve  casing  is  bolted  on.  The  face  of  the  steam  and  exhaust 
ports,  against  which  the  slide  valve  works,  is  usually  planed  and 
scraped  up  to  a  true  plane  surface,  so  that 
it  may  form  absolutely  steam  tight  contact 
with  the  valve.  Sometimes  a  valve  face  of  a 
specially  hard  cast-iron  is  fixed  on  to  the  face 
of  the  steam  ports  (as  shown  in  the  figs.,  pp. 
267,  269)  so  as  to  prevent  excessive  wear. 
It  is  generally  attached  by  small  screws,  the 
heads  of  which  are  sunk  below  the  flush  of 
|  the  valve  face.  In  some  few  cases,  bronze 
valve  faces  have  been  used ;  but  these,  although 
forming  a  good  surface  for  the  valve  to  work 
against,  cannot  be  recommended,  because  when 
so  fixed  the  bronze  warps,  due  to  its  greater 
coefficient  of  expansion  by  heat. 

Old  D  Slide  Valves.— The  action  of  the 
ordinary  slide  valve  and  the  method  of  deter- 
mining its  principal  dimensions  were  fully 
explained  in  Lecture  XIII.  We  now  purpose 
to  illustrate  a  few  of  the  forms  of  valves 
which  have  been  or  are  in  common  use  at 
the  present  time. 

The  first  form  of  slide  valve  was  that  known 
as  the  D  valve,  from  the  resemblance  of  its 
cross  section  to  the  letter  D,  and  it  is  shown 
in  the  annexed  diagram.*  This  valve  consists 
of  a  long  semi-circular  pipe,  the  flat  side  of 
which  slides  against  the  face  of  the  ports, 
whilst  the  circular  part  moves  steam  tight  against  packing 
at  each  end.  Steam  usually  enters  at  the  valve  casing  by 
the  pipe  with  the  throttle  valve,  shown  in  the  diagram ;  and 
is  prevented  from  passing  to  the  ends  by  the  steam  tight  pack- 
ing. Both  ends  of  the  casing  in  which  the  valve  works  are  in 
direct  communication  with  the  condenser,  so  that  when  the  valve 
moves  up  sufficiently,  the  inner  edge  of  the  upper  steam  port  is 
opened  to  steam,  while  the  lower  steam  port  is  opened  to 
exhaust;  and  vice  versa  when  the  valve  moves  in  the  opposite 
direction. 

Locomotive  Slide  Valve. — The  valve  which  is  in  general  use  for 

*  Compare  this  figure  with  that  on  page  179  of  our  Elementary  Manual. 
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DOUBLE-PORTED  SLIDE   VALVE. 
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small  engines  at  the  present  time,  and  is  generally  known  as  the 
"  locomotive  slide  valve  *  or  ordinary  three-ported  valve,  was 
illustrated  in  Lecture  XIII.  (see  also  diagram  of  Joy's  valve  gear, 
Lecture  XX. ;  the  triple  expansion  engines,  Lecture  XXIV. ;  and 
of  the  locomotive,  Lecture  XXX.)  The  great  objection  to  a  valve 
of  this  form  is  the  large  amount  of  power  which  is  absorbed  in 
moving  it.  The  valve  is  subjected  to  the  full  initial  pressure  of 
the  steam  acting  over  its  whole  area,  and  is  therefore  pressed 
against  the  face  of  the  ports  with  very  great  force,  thus  offering 
very  considerable  frictional  resistance  to  motion.  Many  plans 
of  relieving  the  valve  from  back  pressure  have  been  devised,  and 
several  are  used  in  practice,  but  none  of  them  have  proved 
thoroughly  satisfactory.  The  power  required  to  move  a  slide 
valve  depends  upon  the  size  or  area  of  the  valve,  the  pressure  of  the 
steam  in  the  valve  casing,  and  the  length  of  travel  of  the  valve. 

Double-Ported    Slide    Valve. — In    large    engines,    therefore, 
especially  when  working  with  high  pressures,  the  power  absorbed 


Common  Double-Ported  Valve. 

in  moving  the  slide  valve  becomes  a  very  considerable  item  ;  and 
in  order  to  reduce  this  absorption  of  power,  double-ported  valves 
have  been  commonly  adopted.  This  valve  is  illustrated  in  the 
front  elevation  of  the  compound  engines,  Lecture  XXIII.,*  as 
applied  to  the  low-pressure  cylinder.     It  aims  at  lessening  the 

*  See  Seaton  on  Marine  Engineering,  pp.  235,  239,  for  separate  eats  of 
doable-ported  slide  valve*  and  of  relief  frames,  also  oar  Elementary  Mammlf, 
Lecture  XXIII.,  by  the  same  publishers.  23 
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expenditure  of  power  in  moving  the  valve  by  a  reduction  of  its 
travel.  It  will  be  6een  that  there  are  two  steam  openings 
leading  to  the  one  steam  port  at  each  end  of  the  cylinder,  which 
are  opened  and  closed  by  the  slide  valve.  The  upper  opening 
gets  steam  from  the  valve  casing  direct  by  its  upper  edge,  and 
exhausts  round  a  passage  at  the  back  of  the  valve  into  the 
exhaust  port;  the  inner  opening  gets  steam  from  the  valve 
casing  through  a  transverse  opening  in  the  slide  valve,  and  it 
exhausts  directly  into  the  exhaust  port  A  valve  of  this  kind 
thus  gives  the  same  opening  to  steam  as  an  ordinary  locomotive 
slide  valve  with  half  the  travel,  and  this  would  entail  just  half 
the  expenditure  of  power  in  moving  it,  if  the  valve  was  of  the 
same  size ;  but  owing  to  its  construction,  it  is  always  somewhat 
larger  than  an  ordinary  valve  doing  the  same  work.  There  is, 
however,  a  considerable  saving  in  power  on  the  whole  in  the  case 
of  large  steam  cylinders  by  using  this  form  of  valve  instead  of 
the  ordinary  one,  and  hence  its  adoption  in  practice. 

Gridiron  Slide  Valve.— Slide  valves  in  which  the  steam  port 
opening  is  divided  into  a  number  of  narrow  slits,  in  order  to  still 
further  reduce  the  travel  of  the  valve  to  a  minimum,  are  known 
as  "  gridiron  *  valves,  and  were  at  one  time  commonly  used  as 
expansion  or  "cut-off"  valves,  being  placed  between  the  steam 
pipe  and  the  main  slide  valve. 

Thorn's  Patent  Double-Ported  Trick  Slide  valve.— This  slide 
valve  combines  in  one  casting  what  is  known  as  the  "  Trick  " 
arrangement,  applied  to  a  valve  having  positive  and  negative 
exhaust  lap  at  both  ends  of  cylinder.  The  negative  exhaust  lap 
forming  a  communication  between  the  opposite  ends  of  the 
cylinder  just  before  the  exhaust  opens  to  the  condenser,  as 
shown  by  the  arrows,  when  the  piston  is  in  position,  marked 
"communication  open  between  ends  of  cylinder"  so  that  the 
steam  at  its  terminal  pressure  is  transferred  from  one  side  of 
the  piston  to  the  other,  compressed  nearly  up  to  initial  pressure, 
and  used  over  again  on  the  return  stroke.  This  valve  can  be 
adapted  to  suit  either  single-,  double-,  or  triple-ported  steam 
cylinders.  The  illustrations  show  it  as  applied  to  an  ordinary 
double-ported  marine  engine  cylinder.  The  port  openings 
marked,  Av  Ag,  are  only  used  for  exhausting,  whilst  those 
marked,  Bp  B«,  are  for  steam  and  exhaust.  Steam  enters  at  both 
ends  of  the  valve  simultaneously,  as  shown  by  the  arrows,  similar 
to  an  ordinary  "  Trick  "  valve,  but  the  ports,  Bx,  B„  being  wider 
than  A7,  A^,  the  full  advantage  of  the  steam  coming  through  the 
passage  in  the  back  of  the  valve  is  obtained.  It  may  also  be 
adapted  to  suit  the  ports  of  an  ordinary  slide  valve  with  equal 
width  of  ports. 


Digitized  by 


Google 


thom's  patent  double-pobtbd  trick  slide  valve.    269 


In  the  first  place,  an  amount  of  steam  is  saved  in  each 
revolution  of  the  engine  equivalent  to  the  capacity  of  the  steam 
ports,  and  clearance  between  the  ends  of  the  cylinder  and  piston, 
which  in  many  cases  is  fully  5  per  cent,  of  the  total  steam  used, 
in  addition  to  transferring  the  steam  necessary  to  heat  the 
cylinder  after  being  cooled  by  communication  with  the  condenser. 


Thom's  Doublk-Pobtkd  Trick  Valvb. 

In  the  second  place,  with  the  ordinary  slide  valve,  provided 
the  vacuum  is  good  and  steam  ports  large  enough,  there  is 
nothing  or  very  little  to  compress  in  the  low-pressure  cylinder, 
and  thus  severe  shocks  are  imparted  to  the  several  joints  and 
moving  parts.  But,  by  the  adoption  of  this  arrangement  of 
valve,  the  steam  is  taken  from  the  other  end  of  the  cylinder, 
after  performing  all  the  work  possible,  and  compressed  nearly 
up  to  initial  pressure,  using  the  work  stored  in  the  piston  for 
this  purpose,  so  that  there  is  a  far  less  shock  consequent  on 
changing  the  direction  of  the  motion  of  the  piston,  and  more 
revolutions  (the  inventor  asserts)  can  be  got  out  of  the  engines 
with  the  same  indicated  horse-power. 

As  the  change  of  pressure  from  the  one  side  of  the  piston  to  the 
other  passes  through  the  stages — (1)  release  by  communication 
opening ;  (2)  compressing  steam  transferred ;  (3)  exhaust  opens 
to  condenser ;  (4)  steam  at  initial  pressure  enters — it  is  obvious 
that  the  engine  turns  the  dead  points  with  far  less  shock,  than  in 
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the  ordinary  arrangement  of  slide  valve,  where  it  is  sometimes 
necessary  to  give  great  lead  to  the  low-pressure  valve,  especially 
on  the  bottom  centre,  to  arrest  the  momentum  of  the  vertically 
moving  parts.  As,  however,  in  the  use  of  this  valve,  the  work 
stored  in  the  piston  and  other  moving  parts  is  used  to  compress 
steam  taken  from  the  opposite  end  ol  the  cylinder,  and  is  not 
thrown  away  against  the  steam  admitted  by  the  lead  of  the 
valve,  as  in  the  ordinary  arrangement,  no  lead  of  the  valve  is 
necessary  as  here  used,  and  the  engine  turns  the  centre  without 
knocking,  even  if  the  brasses  are  rather  slack. 

A  further  advantage  in  the  use  of  this  valve  lies  in  its  being 
lighter  than  the  ordinary  double-ported  slide  valve,  and  taking 
up  less  space  in  depth,  which  enables  it  to  be  more  easily 
overhauled.  By  its  use,  the  friction  on  the  cylinder  port  lace  is 
greatly  reduced  by  the  fact,  that  one  port  is  always  exposed  to 
the  pressure  in  the  cylinder,  thereby  tending  to  reduce  that  on 
the  valve  nice. 

Piston  Valve. — As  we  remarked  before,  no  thoroughly  satis- 
factory plan  has  yet  been  devised  for  relieving  the  ordinary  slide 
valve  from  the  pressure  of  steam  upon  its  back  surface ;  conse- 
quently, we  find  that  now  with  the  very  high  steam  pressures 
carried  in  marine  and  other  boilers  (about  100  lbs.  for  compound, 
150  lbs.  for  triple,  and  180  to  200  lbs.  on  the  square  inch  for 
quadruple-expansion  engines),  it  has  become  absolutely  necessary, 
in  the  case  of  large  engines,  to  adopt  another  form  of  valve  for 
admitting  and  exhausting  the  steam  from  the  high-pressure 
cylinders.  This  form  of  valve  is  known  as  the  piston  valve,  and 
we  illustrate  one  fitted  with  Thorn's  "trick"  arrangement  for 
producing  sufficient  compression  on  the  exhausting  side  of  the 
piston  to  turn  the  dead  points  smoothly,  and  to  economise  steam 
as  explained  above.  It  consists  of  two  pistons,  Pp  Pg,  of  cast 
iron,  connected  together  by  a  cast-iron  pipe  and  fixed  to  the 
valve  spindle,  VS,  as  shown.  These  pistons  fit  and  work  in 
liners,  ltvlip  inserted  into  the  ends  of  a  cylindrical  chamber,  0  0, 
bolted  to  the  side,  or  to  the  end  of  the  high-pressure  steam 
cylinder.  They  are  suitably  packed  with  expanding  rings,  B1. 
Rj,  R3,  R^  like  locomotive  piston  rings,  which  are  frequently 
made  of  bronze.  The  pistons,  Plf  Pp  open  and  shut  the  two 
steam  ports,  S  Pp  S  P^  from  the  steam  chest,  and  the  exhaust 
port,  E  P,  in  the  same  way  as  an  ordinary  slide  valve  does ;  but 
the  area  of  steam  port  is  much  larger  than  that  of  an  ordinary 
slide  valve  of  the  same  size  across,  and  there  is  no  unbalanced 
pressure  owing  to  its  cylindrical  form,  hence  no  frictional  wear 
and  tear  except  that  due  to  the  pressure  of  the  expansion  rings, 
Rp  Rj,  Rfc,  R4.    To  prevent  these  exf  ansion  rings  from  springing 


Digitized  by 


Google 


DETAILS  OF   ENGINES — PISTON   VALVE.  271 

outwards  beyond  the  bore  of  the  liners,  Lu  Lp  when  they  come 
opposite  the  steam  ports,  S  Pp  S  Fv  the  faces  of  the  steam  ports 


Thom's  Piston  Valve, 

Digitized  by  VjOOQIC 


272  LECTURE   XXV. 

in  the  linen  are  east  diagonally  so— ^W.  With  piston  valves, 
the  clearance  spaces  are  naturally  rather  larger  than  with  the 
ordinary  slide  valve,  but  this  is  minimised  as  much  as  possible 
by  keeping  the  pistons,  P19  Pg,  as  far  apart  as  practicable.  The 
trick  pipe  or  passage,  for  communicating  with  both  ends  of  the 
valve,  in  order  to  effect  the  necessary  compression  when  the  piston 
comes  near  the  ends  of  the  cylinder,  is  seen  at,  T  P.  In  large 
vertical  piston  valves,  there  is  a  small  balance  piston  with  cylinder 
(similar  to  B  P,  p.  234),  fitted  to  the  upper  end  of  the  valve 
spindle,  in  order  to  support  the  weight  of  the  valve,  valve  spindle, 
eccentric  rods,  and  links.  Piston  valves  can  be  made  lighter 
than  ordinary  slide  valves,  but  they  are  essentially  single-ported 
valves,  and  have  therefore  as  a  rule  a  longer  travel  than  double- 
ported  slides.  One  would  have  expected  that  with  piston  valves, 
much  lighter  valve  spindles,  links,  and  rods  could  have  been 
used  than  with  ordinary  slide  valves  doing  the  same  work ;  but 
this  does  not  appear  to  be  the  case  in  practice.  Piston  valves  are 
sometimes  fitted  with  expansion  piston  valves  inside  the  main 
valves.  Their  construction  is  similar  to  the  latter,  but  the 
arrangement  is  somewhat  complicated  and  difficult  to  get  at  for 
adjustment  and  for  repairs.  All  the  latest  Transatlantic  Liners, 
as  well  as  many  of  the  best  passenger  steamers,  have  been  fitted 
with  piston  valves.  The  only  objection  or  disadvantage  usually 
urged  against  these  valves,  is  their  first  cost,  which  naturally 
prevents  their  being  commonly  fitted  to  the  low-pressure  cylinder 
of  compound,  or  of  multiple  expansion  engines. 

Reversing  Link  Motion. — The  reversing  of  an  engine  which 
has  ordinary  slide  *  or  piston  valves,  is  most  easily  affected  by 
means  of  a  combination  of  links  and  rods,  which  is  known  as 
"link  motion."  In  order  that  an  engine  may  work  in  both 
directions,  the  eccentric  which  moves  the  valve  must  always 
remain  at  a  given  fixed  angle  in  advance  of  the  crank;  and 
evidently  with  one  eccentric  fixed  on  the  shaft,  the  position  of 
this  advance  is  dependent  upon  the  direction  of  rotation,  and  is 
not  the  same  when  the  engine  rotates  in  either  way.  The  arrange- 
ment by  which  the  desired  object  is  attained  with  link  motion 
is  as  follows : — Two  eccentrics  are  fitted  to  the  crank  shaft  side 
by  side,  the  one  being  set  in  such  a  position  relative  to  that  of 
the  crank,  as  to  control  the  valve  properly  when  the  engine  is 
going  in  one  direction,  and  the  other  in  a  position  to  control  the 
valve  when  the  engine  is  rotating  in  tie  opposite  direction. 
These  eccentrics  are  connected  by  separate  eccentric-rods  and 
straps  to  the  ends  of  a  link,  in  which  a  block  connected  to  the 

*  We  have  already  described  and  illustrated  the  reversing  motion  for 
an  Oscillating  Engine  in  Lecture  XIX.,  and  Joy's  Valve  Gear  inLecture  XX. 
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valve-rod  is  fixed,  and  which  is  capable  of  sliding  from  end  to 
end.  When  the  link  is  drawn  to  the  one  side,  the  block  being 
stationary,  comes  into  line  with  one  of  the  eccentric-rods,  and  the 
valve  is  worked  by  that  eccentric  to  which  this  rod  is  attached. 
If  the  link  be  pushed  over  to  the  other  side,  the  other  eccentric 
comes  into  play  with  the  valve,  and  the  engine  rotates  in  the 
opposite  direction.  If  the  link  be  placed  in  such  a  position  that 
the  block  which  is  connected  to  the  valve  stands  in  the  middle 
of  the  link,  then  the  engine  stops,  since  the  valve  is  thereby 
placed  in  mid-position,  and  simply  travels  to  and  fro  over  the 
valve  port  face,  a  distance  nearly  equal  to  the  lap  plus  the  lead. 

The  construction  of  these  links  is  very  various.     One  form  is 
shown  in  the  following  figure.*    It  is  a  very  simple  form,  and 


The  Slot  Link. 


has  been  used  for  small  engines  for  many  years.  It  consists  of  a 
fiat  piece  of  iron  with  a  circular  slot  in  it,  in  which  a  block 
attached  to  the  valve-rod  is  fitted.  This  block  is  able  to  slide 
lengthwise  along  the  link.  The  link  has  two  snugs  formed  on 
one  side  for  the  attachment  of  the  eccentric-rods;   and  also  a 

*  Other  forms  are  illustrated  in  Seaton's  Manual  of  Marine  Engineering^ 
pp.  246-252,  and  in  onr  Elementary  Manual,  Lecture  XXIIL 

Digitized  by  G00gle 


274  LECTURE  XXV. 

•nag  at  one  end,  by  which  the  link  is  hong,  and  may  be  moved 
back  and  forward  so  as  to  bring  the  valve-rod  over  one  eccentric- 
rod  or  the  other.  This  link  gives  a  more  irregular  motion  to 
the  valve  than  some  of  the  other  forms,  although  it  works  on  the 
whole  fairly  well;  but  it  is  more  difficult  to  adjust  when  it 
becomes  worn. 

Another  form  somewhat  similar  to  the  above  will  be  found  in 
the  folding-page  illustration  of  the  locomotive,  Lecture  XXX. 
In  it,  the  eccentric-rods  are  connected  directly  to  the  ends  of 
the  link,  L,  with  the  reversing  gear  lever,  RGL,  fixed  to  the 
lower  end.  The  motion  is  still  more  irregular  than  that  of  the 
above  form,  but  owing  to  its  cheapness  of  manufacture,  its 
simplicity,  and  solidity,  it  has  been  for  a  long  time  and  is  still 
retained  in  most  locomotives;  although  Joy's  valve  gear,  which 
we  illustrated  and  explained  in  Lecture  XX.,  is  superseding  it 
on  some  railway  lines. 

One  of  the  best  forms  of  link  reversing  motion  (although  also 
the  most  expensive)  is  shown  in  the  diagrams  of  the  engine, 
Lectures  XXIII.  and  XXIV.  There,  the  link  is  formed  of  two 
bars  fixed  together  at  the  ends,  and  with  the  valve  block  sliding 
Ijetween  them.  The  eccentric-rods  are  forked,  and  are  attached 
to  the  links  near  the  ends  by  pins,  which  are  forged  on  to  the 
links.  The  link  is  hung  at  the  ends  as  before.  In  this  arrange- 
ment it  will  be  seen,  that  the  centre  of  the  eccentric-rod  end 
may  be  brought  to  coincide  with  the  centre  of  the  valve-rod 
block,  which  gives  a  much  more  regular  motion.  The  plan  of 
adjustment  for  wear  is  all  that  could  be  desired. 


Lecture  XXV.— Questions. 

1.  How  would  you  calculate  the  necessary  diameter  of  a  cylinder  in  order 
to  produce  a  certain  hone-power? 

2.  Sketch  in  section,  and  describe  a  cylinder  cover  for  a  large  marine 
engine. 

3.  Sketch  a  section  through  the  cylinder  of  a  nowerful  marine  engine, 
showing  a  jacket,  Liner,  the  ports  and  passages,  and  slide  valve  with  casing. 
How  is  the  liner  attached  and  fitted  ?  Describe  the  process  of  making  a 
liner  of  compressed  steel. 

4.  Sketch  in  section  a  long  D  slide  valve  having  lap  on  the  steam  side, 
together  with  the  steam  ports  and  passages.  Explain  the  action  of  the 
valve,  and  show  the  manner  in  which  the  exhaust  steam  is  passed  to  the 
condenser. 

5.  Describe  a  D  slide  valve  without  lap.  Sketch  the  valve  and  port% 
placing  the  valve  in  the  middle  of  its  stroke.  Then  show  what  you  mean 
ij  giving  lap  and  lead  to  the  valve. 
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6.  Draw  a  section  of  a  locomotive  slide  valve  and  ports,  showing  the 
valve,  (1)  without  lap,  (2)  with  lap. 

7.  Describe  the  three-ported  valve.  How  is  the  valve  prepared  and 
faced  so  as  to  be  fitted  for  use?  Sketch  the  valve  and  ports  in  section. 
Put  the  valve  at  middle  of  its  stroke. 

8.  Sketch  in  section  and  describe  a  slide  valve  suitable  for  a  double-acting 
engine,  together  with  the  steam  ports  or  passages  leading  to  the  top  and 
bottom  of  the  cylinder.  Be  careful  to  show  the  manner  in  which  the  valve 
provides  for  the  escape  of  steam.  If  the  engine  is  single-acting,  as  in  the 
case  of  a  steam  hammer,  how  should  you  alter  the  valve  and  the  ports  ? 

9.  In  marine  engines  with  large  cylinders  it  often  becomes  necessary  to 
diminish  the  travel  of  the  slide  valve  while  keeping  a  considerable  opening 
of  the  ports  for  the  admission  of  steam.  Sketch  a  section  through  a  valve 
and  ports,  showing  how  this  can  be  done,  and  put  the  valve  in  its  position 
at  the  commencement  of  the  stroke  of  the  piston. 

10.  Sketch  in  section  the  slide  valve  and  ports  of  a  cylinder  fitted  with 
a  double  ported  valve  having  a  relief  ring  or  frame  at  the  back,  and  explain 
the  object  of  this  construction.     (8.  and  A.  Exam.,  1890.) 

11.  Sketch  a  double-ported  slide  valve,  with  a  relief  ring  at  the  back  of 
the  valve.  Show  also  m  section  the  ports  in  the  cylinder  with  the  valve  in 
the  position  it  would  have  when  the  piston  is  at  the  end  of  a  stroke. 
Describe  the  operation  of  setting  the  slide  valve  of  a  marine  engine. 

12.  Under  what  circumstances  are  balanced  slide  valves  employed? 
Sketch  and  describe  a  balanced  slide  valve  for  the  high-pressure  cylinder  of 
a  triple-expansion  engine.     {Honours  8.  and  A.  Exam,.  1889.) 

13.  What  is  an  expansion  valve  ?  Sketch  such  a  valve,  and  show  where 
it  is  placed  with  reference  to  the  ordinary  slide  valve,  and  explain  the 
manner  in  which  it  acts. 

14.  A  marine  engine  is  provided  with  an  ordinary  three-ported  valve,  but 
has  a  back  cut-off  valve  for  varying  the  grades  of  expansion.  Sketch  the 
combination  in  section  and  explain  its  action. 

lft.  Describe  any  form  of  valve  suitable  for  an  expansion  valve,  such  as  a 
gridiron  valve  in  a  condensing  engine.  Show  the  method  of  actuating  such 
a  valve,  making  any  necessary  sketches. 

16.  Sketch  in  section  a  doable-ported  slide  valve  with  an  expansion  valve 
working  at  the  back  of  it. 

17.  Sketch  and  describe,  by  an  index  of  parts,  Thorn's  double-ported 
"  trick  "  slide  valve. 

18.  Sketch  and  describe  a  piston  valve.  What  are  the  reasons  for 
adopting  this  form  of  valve  in  preference  to  ordinary  slide  valves  ?  Explain 
its  advantages  and  disadvantages. 

19.  Describe,  with  a  sketch,  the  mode  of  reversing  a  marine  engine  when 
fitted  with  a  single  eccentric,  and  show  that  the  mechanism  becomes  self- 
acting  after  the  reversal. 

20.  Sketch  Stephenson's  double  eccentric  and  link  motion,  name  the 
several  parts,  and  explain  its  action  upon  a  slide  valve.  (Adv.  S.  and  A, 
Exam.,  1889.) 

21.  Sketch  and  explain  the  mechanism  for  opening  and  closing  the  steam 
valve  of  a  single-acting  Cornish  pumping  engine.  (Adv.  8.  and  A.  Exam., 
1887.) 

22.  Describe  the  modified  form  of  D  slide  known  as  a  double-ported  slide 
valve.  Sketch  a  section  through  the  valve  and  ports,  showing  the  position 
of  the  valve  when  just  opening  for  steam.  When  is  it  desirable  to  adopt  a 
valve  of  this  construction?    (Adv.  8.  and  A.  Exam,,  1887.) 
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LECTURE  XXVI. 

PISTONS,   CONDENSERS,   PUMPS,  6c. 

Contents.— Details  of  Engines  continued  *— Pistons  and  Piston-Rods— 
Crossheada— -Connecting- Rods — Crank  Shafts— Main-Shaft  Bearings — 
Thrust  Bearings — Condensers,  Jet  and  Surface— General  Remarks  on 
Condensers — Air  Pumps — Air -Pump  Valves  —  Circulating  Pumps — 
Gwynne's  Centrifugal  Pumps. 

Pistons  and  Piston-Rods.  —  A  good  piston,  besides  having 
sufficient  strength  to  withstand  the  pressure  to  which  it  is  sub- 
jected, should  be  absolutely  steam  tight,  and  should  exert  a 
uniform  pressure  all  round  its  circumference ;  but  this  pressure 
should  not  be  so  great  as  to  create  excessive  friction  between 
it  and  the  cylinder.  The  simplest  form  of  piston  is  that  used 
in  locomotives  and  small  engines  (see  folding-page  of  locomotive, 
Lecture  XXX.)  It  consists  of  a  simple  disc  of  metal  with  a 
flange  round  one  side,  and  a  small  boss  in  the  centre  to  receive 
the  piston-rod.  The  piston  is  kept  steam  tight  by  two  or  three 
metal  packing  rings,  which  are  known  as  Ramsbottom's  rings. 
These  rings  are  turned  rather  larger  in  diameter  than  the  bore 
of  the  cylinder,  and  are  afterwards  cut  across,  so  that  they  may 
be  compressed  into  it.  They  are  fitted  into  recesses  turned  in 
the  piston,  and  the  cut  joints  of  the  rings  are  set  at  opposite 
■ides  of  it.  This  form  of  piston  is  one  of  the  very  best  yet 
devised,  both  for  small  cylinders  and  large,  where  high  pressure 
steam  is  used. 

Engine  pistons  above  20  inches  diameter  are  usually 
constructed  hollow,  and  the  two  sides  are  connected  by  ribs, 
although  some  very  large  pistons  for  fast-running  engines  have 
been  made  of  cast-steel  with  only  one  thickness  of  metal  and 
cone-shaped  to  give  them  sufficient  strength,  as  shown  in  the 
first  following  diagram.  The  piston-rods  are  made  of  mild  steel, 
turned  and  fitted  as  shown  (see  also  connecting-rods,  p.  282). 

The  old  method  of  packing  large  pistons  is  shown  on  tho 
opposite  page.f  One  side  of  the  piston  is  formed  with  a  flange, 
and  the  other  with  a  recess  to  receive  the  "junk  rvngP    Between 

*  Students  should  compare  the  details  in  this  Lecture  with  the  specifica- 
tion given  in  Lecture  XXIII.  and  Lecture  XXI.  of  our  Elementary  Manual. 

t  From  Seaton's  Manual  of  Marine  Engineering,  p.  133,  where  the  student 
will  find  several  other  modern  forms  of  pistons  illustrated  and  described. 
See  also  Lecture  XXIV.  for  the  pistons  ofS.S.  Buenos  Aires. 
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NoU.—\n  Mr.  Kirk's platona  there  is  a  "floating  ring"  for  the  springs  to  press  against, 
which  greatly  helps  to  equalise  the  pressure  round  the  circmmf  erenoe  of  the  expansion  ring. 


Kirk's  Steel  Coned  Pistons,  as  Fitted 
by  Messrs.  Robert  Napier  &  Sons  to  Engines  2,600  I.H.P. 

C  P  for  Coned  pistons.    P  R  for  Piston-rods.     C  L  for  Cylinder  liners. 

this  flange  and  junk  ring,  J  R,  a  packing  or  expansion  ring,  E  R, 
of  cast-iron  is  fitted.  This  ring  is  pressed  out  against  the  sides 
of  the  cylinder  by  small  springs  as  shown  in  the  plan.    The  junk 

P 


JR 


ER 


ER 


Old  Fobm  of  Large  Cylinder  Piston. 

ring  is  fixed  down  by  screwed  pins,  P,  which  screw  into  brass 
nuts;  these  brass  nuts  being  recessed  into  the  body  of  the  piston 
at  suitable  intervals  round  its  circumference.  The  defect  of  this 
form  of  piston  lies  in  the  springs,  which  can  scarcely  be  adjusted 
to  give  uniform  pressure  at  all  parts  of  the  ring ;  and  since  they 
press  against  the  body  of  the  piston,  the  packing  ring  is  not  free 
to  move  laterally,  and  follow  out  the  bore  of  a  cylinder  when  it 
has  worn  a  little  out  of  line  with  the  piston-rod. 

There  is  an  immense  variety  of  patent  pistons,  each  having 
some  particular  feature  or  features  claimed  for  it  by  the  inventor 
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or  manufacturer.  The  student  has  only  to  turn  to  the  heading 
under  "  pistons  "  in  4th  or  later  editions  of  the  author's  Elemen- 
tary Manual  on  Steam  and  the  Steam  Engine,  and  he  will  find 
quite  a  variety  of  forms.  It  is  impossible  in  a  book  of  the 
present  dimensions  to  do  more  than  select  one  type. 


Thb  Lancaster  Spiral-Spring  Piston. 


From  the  accompanying  illustration  it  will  be  seen,  that  the 
Lancaster  piston  consists  of  a  straight  spiral  spring,  bent  into  a 
circle,  which  forces  the  two  piston  rings  out  against  the  walls  of 
the  cylinder,  and  at  the  same  time  presses  them  firmly  between 
the  junk  rings  or  halves,  into  which  the  piston  is  divided.     The 
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pressure  between  the  piston  rings  and  the  cylinder,  results  from 
the  natural  elasticity  of  the  spiral  spring  trying  to  regain  its 
natural  shape,  and  does  not  depend  upon  screwing  down  of  a 
junk  ring,  or  bolting  together  the  halves  of  the  piston.  There 
is,  therefore,  no  danger  of  excessive  friction  being  set  up  between 
the  rings  and  the  sides  of  the  cylinder,  or  any  opportunity  for 
Careless  adjustment  on  the  part  of  the  engine-fitter,  if  the  whole 
has  been  properly  proportioned  for  the  cylinder. 

The  packing  rings  in  almost  all  pistons  are  simply  cast-iron 
rings,  which  have  been  turned  to  a  slightly  larger  diameter  than 
that  of  the  bore  of  the  cylinder,  and  afterwards  cut  across  to 
permit  of  compression,  and  of  inserting  them  into  the  cylinder 
along  with  the  piston.  The  slits  in  the  rings  are  connected  by 
a  thin  plate  as  shown,  and  they  are  placed  diametrically  opposite 
each  other,  in  order  to  prevent  the  steam  passing  from  one  side 
of  the  piston  to  the  other. 

Buckley's  patent  piston  (see  illustration  of  engines.  Lecture 
XXIII.)  is  somewhat  similar  in  general  design  to  the  one  we 
have  just  described ;  but  instead  of  the  packing  rings  being  a 

couple  of  right  angles  !    in  section,  they  are  obtuse  angles  on 

the  inside  thus—*!    and  the  spiral  spring  is  oval  in  form,  or  like 

the  letter  \J  m  In  Rowan's  piston  there  are  two  oval  springs 
instead  of  one,  each  spring  acting  on  a  packing  ring  independent 
of  the  other. 

Mather  &  Piatt's,  and  Oldham's  pistons,  have  each  the  packing 
rings  arranged  like  the  "  Lancaster,"  but  the  rings  are  pressed 
outwards  against  the  sides  of  the  cylinder,  and  upward  and  down- 
ward against  the  junk  ring  and  the  piston,  by  a  spiral  hoop 
having  three  or  four  turns,  in  its  endeavour  to  unwind  itself. 

Crossheads. — The  part  which  connects  the  end  of  the  piston- 
rod  to  the  connecting-rod,  is  termed  the  crosshead.  In  direct- 
acting  engines,  the  crosshead  requires  to  be  supported  by  guides, 
in  order  to  bear  the  side  pressure  thrown  on  it  by  the  oblique 
action  of  the  connecting-rod.  If  the  crosshead  were  not 
supported,  and  the  piston-rod  not  guided  in  any  manner,  then 
this  side  pressure  (or  pressure  at  right  angles  to  the  direction  of 
motion  of  the  piston)  would  cause  injurious  bending  of  the 
piston-rod,  and  very  excessive  wear  of  the  glands  and  stuffing- 
boxes.  In  the  case  of  a  beam  engine,  the  intervention  of  the 
parallel  motion  obviates  the  necessity  for  guides,  since  the 
piston-rod  end  moves  in  a  straight  line,  and  the  side  pressure  is 
supported  by  the  parallel  motion  bars. 
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There  is  a  large  variety  of  forms  of  crossheads  in  general  use 
at  the  present  time.  In  some  engines,  the  crosshead  is  separate 
from  the  piston-rod,  and  is  attached  to  it  by  means  of  a  cotter 
which  passes  through  both ;  in  others,  it  is  forged  to  the  end  of 
the  piston-rod.  The  guide  or  slide  blocks  (which  slide  against 
a  planed  surface  on  the  engine  framing  which  supports  the  side 
pressure)  are  sometimes  formed  in  the  same  piece  as  the  cross- 
head,  but  more  usually  are  separate  and  are  fixed  to  it  in  a 
simple  manner.  In  many  horizontal  land  engines  the  slide 
blocks  are  attached  to  the  ends  of  a  horizontal  bar  fixed  at 
right  angles  to  the  piston-rod,  and  with  a  square  piece  in  the 
centre  which  forms  the  crosshead  of  the  engine,  and  the  blocks 
move  over  planed  surfaces  on  each  side  of  the  engine  framing. 
This  plan  is  not,  however,  so  good  as  that  of  supporting  the 
crosshead  immediately  underneath  it,  and  with  the  slide  bed 
immediately  below  (or  above,  as  the  case  may  be)  the  line  of  the 
piston-rod  (refer  back  to  the  figures  in  Lecture  XVIII.)  If 
the  wear  at  the  joint  of  the  crosshead  and  connecting-rod  is 
intended  to  take  place  in  the  connecting-rod,  the  pin  which 
passes  through  both  is  fixed  in  the  crosshead  or  forms  part  of 
it ;  and  the  connecting-rod  rotates  through  a  certain  angle  about 
the  pin,  and  is  fitted  with  bushes  in  order  to  provide  for  the 
wear.  If,  however,  as  is  more  generally  the  case,  the  wear 
is  imposed  upon  the  crosshead,  the  pin  is  then  fixed  in  the 
connecting-rod  end,  and  the  crosshead  is  provided  with  bushes 
where  the  pin  passes  through  it.  The  pin  therefore  oscillates 
with  the  connecting-rod. 

The  end  elevation  diagrams  (Lectures  XXIII.  and  XXIV.) 
show  a  form  of  crosshead  very  generally  employed  in  marine 
practice.  It  is  forged  to  the  end  of  the  piston-rod,  and  has  a 
square  hole  cut  out  of  it,  to  receive  the  bush  which  is  formed  in 
halves.  The  connecting-rod  end  is  forked,  and  passes  over  the 
ends  of  the  bush.  The  pin  is  prevented  from  turning  in  the 
connecting-rod,  and  all  the  wear  takes  place  in  the  crosshead 
bush.  The  halves  of  this  bush  are  held  together  by  a  wrought- 
iron  cover  with  bolts  passing  through  it.  These  bolts  must  be 
of  sufficient  section  at  the  bottom  of  the  thread  to  withstand  a 
tension  equal  to  the  initial  effective  pressure  of  the  steam 
multiplied  by  the  area  of  the  cylinder.  The  crosshead  is  carried 
out  at  the  sides  to  receive  two  flat  cast-iron  slide  plates  or 
slippers,  which  bear  against  the  planed  columns,  and  resist 
the  side  pressure  of  the  connecting-rod.  These  plates  fit  round 
the  crosshead  with  three  flanges  only,  so  that  they  may  be 
pushed  into  position,  or  taken  out  without  disconnecting  any 
of  the  larger  parts;  and  they  are  prevented  from  slipping  out 
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at  the  one  side  by  small  screwed  pins  which  are  fitted  in  all 
round. 

For  engines  which  require  to  rotate  in  one  direction  only,  a 
slide  block  on  one  side  of  the  piston-rod  (that  side  against  which 
the  connecting-rod  thrusts)  is  all  that  is  necessary,  and  fre- 
quently marine  engines  which  are  but  seldom  required  to  be 
driven  backwards,  are  thus  fitted  (see  folding  page,  Lecture 
XXL),  but  there,  as  in  every  case,  two  guide  faces  are  required. 

Connecting-Bods. — If  an  engine  connecting-rod  were  of  infinite 
length  (i.e.,  so  long  as  to  remain  always  parallel  to  the  piston 
rod),  there  would  be  no  side  pressure  on  the  guides  of  the 
engine,  and  the  motion  of  the  piston  and  crank  would  be  a 
simple  harmonic  motion.  But  in  practice,  a  certain  definite 
length  must  be  assigned  to  the  connecting  rod,  therefore  a 
certain  amount  of  pressure  is  always  thrown  on  the  engine 
slides,  and  a  certain  amount  of  irregularity  must  take  place  in  the 
motion.  The  shorter  the  connecting-rod  the  greater  is  the 
pressure  on  the  guides,  and  the  greater  the  irregularity  in 
the  motion.  In  practice,  the  length  of  the  connecting-rod 
varies  from  two  to  three  times  the  length  of  the  stroke  of  the 
engine.  Connecting-rods  as  short  as  the  former  proportion 
are  found  in  marine  practice,  whilst  those  of  the  latter  length 
are  common  in  land  engines.  In  some  inverted-cylinder  marine 
engines,  especially  those  of  the  Royal  Navy,  which  must  be  kept 
low  down  in*  the  vessel,  there  is  not  sufficient  head  room  for 
connecting-rods  equal  to  two  strokes  in  length,  and,  as  a  matter 
of  necessity,  shorter  rods  require  to  be  put  in ;  but  they  do  not 
work  satisfactorily,  and  create  excessive  pressure  between  the 
slides  and  blocks. 

Connecting-rods  require  to  stand  alternately  a  tensile  and 
a  compressive  stress,  and  to  resist  the  latter  without  bending. 
They  are  usually  made  larger  in  diameter  at  the  middle  than  at 
the  ends,  or  gradually  tapered  from  crosshead  to  the  crank- 
shaft end.  The  ends  of  connecting-rods  are  formed  in  a  variety 
of  ways,  but,  as  a  rule,  the  crosshead  end  is  forked,  and  has 
simply  two  solid  eyes  which  receive  the  pin  on  each  side  of  the 
crosshead.  This  is  shown  by  the  illustrations  in  Lectures  XXL, 
XXIIL  and  XXIV.  For  land  engines,  the  crank-pin  end  is 
often  constructed  as  follows  (see  Lecture  XVIII.) : — The  end  of 
the  rod  proper  is  made  rectangular,  and  the  bushes  which  fit 
the  crank-pin  are  made  in  halves ;  one-half  being  semi-circular 
on  the  back  and  the  other  half  square.  The  rectangular  end 
of  the  connecting-rod  butts  against  the  back  of  the  inner  square^ 
half  of  the  bush,  and  fits  between  its  end  flanges,  whilst  the 
other  half  of  the  bush  is  held  by  a  wrought-iron  strap  which 
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passes  round  it,  and  is  secured  to  the  end  of  the  connecting-rod 
by  gibs  and  cotter.  This  is  known  as  the  "  strap  "  end,  and  is 
found  to  work  very  satisfactorily,  since  the  gib  and  cotter 
arrangement  admits  of  adjustment  when  the  bushes  have  worn 
slack.  It  is,  however,  a  little  more  expensive  to  manufacture 
than  some  of  the  other  equally  good  forms.  The  diagrams  in 
Lectures  XXIII.  and  XXIV.  represent  connecting-rods  for 
marine  engines,  but  rods  of  a  similar  construction  are  now 
in  common  use  for  land  engines.  The  crank-pin  end  is  of  a 
T  shape,  and  has  a  semi-circular  hole  cut  in  it  to  receive  one- 
half  of  the  crank-pin  bush.  The  cover  which  is  formed  to 
receive  the  other  half  bush,  is  fixed  to  the  T  end  by  means  of 
bolts.  The  crosshead  end  of  the  rod  is  forked,  and  fits  exactly 
over  the  bushes  of  the  crosshead.  The  crosshead  pin  is  fixed 
into  the  forked  end  of  the  connecting-rod,  and  turns  in  the 
bushes  of  the  crosshead. 


- .    -■* 
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Steel  Connecting-Rod  as  fitted  bt  Messrs.  Robert  Napier  &  Sons 
to  Engines  2,600  LH.P. 


As  an  example  of  large  steel  connecting-rods,  we  here  illus- 
trate those  designed  by  Mr.  Kirk  for  the  same  engines  as  his 
steel  pistons  and  piston-rods  described  at  p.  277.  The  drawing 
is  self  explanatory. 

Crank  Shafts. — Crank  shafts  for  land  engines  have  frequently 
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only  a  single  crank,  which  is  fixed  to  the  end  of  the  shaft,  and 
overhung  on  one  side  of  the  main  bearing.  In  marine  practice, 
however,  a  doable  crank  is  almost  invariably  used.  For  engines 
having  crank  shafts  up  to  12  ins.  or  15  ins.  diameter  these 
cranks  are  always  forged  with  the  shaft,  but  when  the  crank 
shaft  is  of  larger  dimensions,  the  cranks  are  usually  built  in 
separate  pieces  (see  specification  Lecture  XXIII.) 

We  take  the  liberty  of  reproducing  the  following  remarks  from 
a  very  practical  article  which  appeared  in  "Industries"  July 
16th,  1886,  on  the  "  Building  of  Crank  Shafts,"  and  refer  the 
student  to  the  same  for  the  complete  description  of  how  the 
City  o/Jiome's  crank  shafts  were  set  and  fixed. 

"  With  the  rapid  increase  which  has  of  late  years  taken  place 
in  the  dimensions  of  marine  engines,  a  change  has  also  come 
about  in  the  methods  of  making  crank  shafts.  The  old-fashioned 
wrought-iron  shafts  have  been  partly  replaced  by  those  of  steel, 
in  order  to  get  rid  of  the  uncertainty  which  is  always  felt  about 
the  soundness  and  continuity  of  the  metal  in  heavy  built-up 
masses  of  wrought  iron,  also  to  reduce  the  size  of  crank  journals 
and  pins  and  connecting-rod  ends,  and  thus  reduce  the  friction 
of  the  engines ;  the  decreased  weight  of  these  parts  when  made 
in  steel  also  helps  slightly  to  increase  the  carrying  power  of  the 
ship,  by  keeping  down  the  weight  of  the  propelling  machinery 
to  its  lowest  limits. 

"  The  solid  steel  cranks  which  have  replaced  those  of  wrought 
iron  have  not  in  every  case  been  successful,  as  several  of  them 
have  failed  after  a  comparatively  short  life,  by  breaking  at  the 
junction  of  either  the  crank-pin  or  shaft  with  the  web.  This 
trouble  has  been  partly  overcome  by  the  use  of  softer  steels,  and 
by  the  careful  annealing  of  the  forgings  before  being  sent  into 
the  machine  shops,  and  also  by  increasing  the  radius  of  the 
corners  of  the  necks  and  pins,  and  lastly  by  paying  better 
attention  to  the  rigidity  of  the  engine  seats,  and  adjustment  of 
the  bearings,  so  that  the  cranks  may  be  only  subjected  to  the 
stress  necessary  to  drive  the  propeller,  and  not  to  any  strains  set 
up  by  bad  workmanship. 

"  To  reduce  this  evil  still  further,  built  shafts  were  proposed, 
and  scheme  after  scheme  has  been  patented  with  the  object  of 
allowing  the  different  parts  of  the  crank-shaft  to  be  so  in- 
dependent of  each  other  that  no  strain  would  be  set  up  in  them 
by  irregular  setting  or  wearing  of  the  bearings,  or  distortion 
caused  in  any  other  way,  and  also  that  if  one  part  should  fail  the 
whole  crank  need  not  be  consigned  to  the  scrap  heap. 

"  The  most  common  method  is  to  simply  fasten  the  shafts  and 
pins  into  flat  slabs  which  form  the  webs,  and,  given  good  steel 
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And  workmanship,  this  method  is  probably  as  good  as  any.  The 
usual  arrangement  of  manufacture  is  to  rough-machine  the  parts, 
fasten  them  together,  and  then  turn  the  crank  all  over  just  as  a 
solid  forging  would  be  finished  ;  but  a  great  deal  of  the  cost  of 
this  operation  may  be  avoided  by  the  use  of  proper  appliances  in 
building  up/' 

The  following  figure  illustrates  one  of  the  three  cranks  of  the 
S.S.  City  of  Borne,  which  were  made  at  Sir  Joseph  Whitworth's 
works,  Manchester.  The  whole  crank-shaft  is  one  of  the  heaviest 
and  largest  yet  made,  for  when  finished  and  bolted  together  its 
weight  amounted  to  63  tons. 


**■ 
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One  Crank  of  S.S.  "City  of  Bomb." 


"  The  crank  was  made  throughout  of  fluid  compressed  steel, 
and  was  forged  entirely  under  Sir  J.  Whitworth's  patent 
hydraulic  forging  presses.  The  pins  were  forged  hollow,  turned 
to  size  and  rough-bored,  oil  hardened,  and  ground  up  true  in 
the  lathe  by  emery  wheels,  and  polished  on  the  bearings ;  they 
were  thus  completely  finished  before  being  shrunk  in  the  webs. 
The  webs  were  forged  from  very  heavy  ingots  into  slabs,  the  ends 
then  punched  and  forged  all  round  the  eye  on  a  mandril.  They 
were  then  planed,  bored  together  in  pairs,  slotted  round  the  ends, 
filed,  and  polished.  The  shafts  were  forged  hollow,  and  the 
collars  afterwards  forged  out  to  the  proper  diameter.  They  were 
then  finish-turned  on  the  parts  fitting  into  the  crank  webs, 
rough-bored,  and  rough-turned  all  over,  one-twentieth  of  an  inch 
in  diameter  being  allowed  for  turning  and  polishing,  after  the 
parts  had  been  shrunk  together.  The  webs  were  keyed  as  well 
as  shrunk  on  to  the  shafts,  and  so  the  real  operation  was  to  cut 
the  keyways." 

The  allowance  for  shrinkage  was  x^V^th  of  the  diameter,  which 
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•mount  was  determined  as  most  suitable  by  trial  with  specimen 
pieces,  after  observing  what  force  was  required  to  push  the  one 
part  from  the  other. 

In  order  to  estimate  the  correct  diameter  of  crank-shaft  for  a 
given  engine  it  is  necessary  to  construct  the  diagram  of  twisting 
moments  by  the  method  shown  in  Lecture  XVIL  The 
maximum  twisting  moment  on  the  shaft  is  then  obtained,  and 
when  equated  to  the  resistance  of  the  shaft  to  torsion  gives  the 
diameter  required.*  A  certain  amount  of  bending  is  also 
produced  by  the  pressure  on  the  crank-pin  and  must  also  be 
taken  into  account  by  reducing  it  along  with  the  twisting 
moment  to  one  equivalent  twisting  moment +  The  bending  action 
is  greatest  when  the  crank  is  at  the  dead  points. 

Main  Shaft  Bearings.— The  main  shaft  bearings  of  most  forms 
of  engine  present  no  special  feature,  unless  it  be  that  they  are,  as 
a  rule,  more  substantial  in  construction  than  ordinary  bearings. 
They  are  subjected  to  severe  jerks  and  shocks,  due  to  the 
irregularities  in  the  motion  of  the  piston,  and  for  this  reason 
should  be  specially  well  fitted  to,  or  cast  along  with,  the  sole-plate 
or  engine  framing.  The  brasses  are  sometimes  made  adjustable  so 
that  the  wear  may  be  taken  up  periodically,  but  when  the  attain- 
ment of  adjustment  is  obtained  at  the  expense  of  the  rigidity 
of  the  bearing  (as  is  sometimes  the  case)  it  is  more  a  disadvantage 
than  otherwise.  Large  engines  have  rarely  any  special  means  of 
adjustment,  but  the  bushes  are  usually  lined  with  white  metal, 
and  when  this  becomes  worn  it  may  be  easily  renewed.  The 
lubrication  of  crank-shaft  bearings  is  a  matter  of  great  impor- 
tance and  should  receive  careful  attention. 

Thrust  Bearings. — In  marine  screw  engines  it  is  necessary  to 
provide  some  means  of  taking  up  the  longitudinal  thrust  of  the 
screw  propeller.  In  small  engines  this  is  often  done  by  a  simple 
collar  on  the  shaft  which  bears  against  the  flange  of  the  aft  main 
bush  in  the  sole-plate,  but  when  the  thrust  is  great,  this  plan  is 
not  sufficient  and  a  "thrust  block"  is  fitted.  The  form  of  thrust 
block  which,  until  recently,  was  chiefly  in  use  is  shown  in  the 
next  diagram.  J  An  enlarged  portion  of  the  screw  shaft  has  a1 
number  of  rings  cut  in  it,  and  these  rings  fit  into  corresponding 

*  The  safe  stress  which  can  be  pat  on  a  crank-shaft  is  pretty  much  a 
matter  of  experience,  and  hence  there  are  various  constants  adopted  by 
different  makers. 

t  See  Seaton*s  Marine  Engineering,  p.  157,  and  Rankine's  Rules  and 
Tables,  p.  227,  for  solution  of  the  combined  action  of  these  two- stresses. 
The  bending  action  is  generally  the  most  important  element  to  be  taken 
into  account  in  determining  the  diameter  of  the  crank-pin,  and  the 
dimensions  of  the  webs. 

%  This  cut  and  the  next  are  from  Seaton's  Marine  Engineering,  to  which 
the  student  should  refer  for  rules  and  dimensions  of  crank-shafts  and  thrust 
bearings,  Ac.  jbyxji 
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recesses  in  a  large  brass  bush.  These  recesses  are  formed  either 
by  having  rectangular  grooves  bored  out  of  the  brass  or  by  the 
insertion  of  brass  rings  into  checks  bored  out  to  receive  them,  as 
shown  in  the  above  figure.  This  arrangement  has  been  found  to 
work  very  well  when  kept  within  limits  as  to  size,  and  when 


Common  Small  Thrust  Block. 


effectually  prevented  from  heating.  When  it  heats  it  gives  great 
trouble,  and  adjustment  cannot  well  be  effected  at  sea. 

A  much  better  form  of  thrust  block  is  shown  in  the  next  fig. 
In  this  block,  the  thrust  is  supported  by  independent  horse-shoe 
shaped  pieces  of  cast  iron,  which  are  faced  with  white  metal. 
These  thrust  pieces  fit  between  rings  turned  on  the  screw  shaft. 
They  are  secured  on  each  side  of  the  shaft  to  the  thrust  block, 
but  are  capable  of  independent  adjustment  by  means  of  the  nuts 
and  set  screws  on  each  side,  or,  of  adjustment  as  a  whole,  by  the 
nuts  at  each  end  of  the  rods  which  support  them  at  the  sides. 
This  block  has  some  advantages  over  the  old  form,  the  principal 
if  which  are — (1)  The  thrust  pieces  are  separate  and  independent 
of  each  other,  and  they  may  be  adjusted,  or  taken  out  separately 
for  examination,  without  stopping  the  engines.  (2)  The  lubri- 
cation is  more  easily  effected,  since  the  hollow  casing  of  the 
thrust  block  may  be  filled  with  oil  and  soapy  water.  The  rings 
on  the  shaft  revolve  in  this  mixture  and  thus  every  part  of  the 
bearing  is  kept  continuously  lubricated  with  little  attention  and 
trouble. 

A  thrust  bearing  of  course  affords  no  lateral  or  vertical  support 
to  the  shaft,  its  office  is  simply  that  of  taking  the  end  thrust,  and 
consequently  the  shaft  should  always  be  supported  close  to  the 
thrust  bearing  by  an  ordinary  pillow  block.* 

Condensers. — Condensers  are  of  two  kinds,  jet  condensers  and 
surface  condensers.  In  the  jet  condenser  the  steam  is  condensed 
by  being  brought  into  actual  contact  with  cold  water,  while  in 

*  For  diagrams  and  description  of  Thomson's  Coupling  for  Broken  Shafts, 
see  Industrie*,  20th  August,  1886. 


Digitized  by 


Google 


ENGINE   DETAILS — THRUST  BLOCK   AND  CON  DEN 8 BBS, 


287 


■  * 


.  O   fcT  S   3   5 

.-•  S   B  ©   3  Q  © 

©£  0h  §L,£  » 
o5-f||  |.| 

M»g.  w    CD    ^    0    0 

g-'  g.? la* 


H 

a 

B 


B>S-<Tj£ 


B.fST 

=i-gir|?«r.| 

282.  5-3  o       t2  S  cu*3 
Qwci-sr^BCD&asr 


B 

a- 

CD 


OB 

P 


5 

CD 

1 

O 
00 

P 


<j3  g  s  h:^  1.3 


CD    gji 


Mr* 


:-!?P  $  P-S-.F 


SL  2  K  00  k,  ^ 
io?c?S5  3^ 


r* 


CD^ 


B   S   B 

"  Sl'P 


d- 

*>B 


c*  A 

ti 


*  4 

P  £■  ■    2  g/§       cd  » 


B- 


•  **  p 


1 


**'i;b*-;i 


■s 


<3  e 


s  B'     S"5  d 

M  -  ZL  a*P  w 
g*CD   «*S 


s|l 


»    O    Si. 


* 


0* 


1.1  X^b-8-?^'1 


.H  2- 


Pfllfjfl 


3-     CD    CD    O  0Q 


5* 

p- 


CD 
*<3 


S"    s 


Digitized  by 


Google 


288  LBOTUBE   XXVI. 

pump.  The  inlet  for  the  steam  should  be  high  up  in  the  eon- 
denser,  and  is  usually  a  plain  pipe.  The  water  injection  inlet 
should  be  formed  with  a  perforated  pipe  or  rose  carried  well 
into  the  middle  of  the  condenser,  or  opposite  the  end  of  the 
steam  pipe,  so  that  the  water  may  be  fairly  distributed,  and  the 
condensation  of  the  steam  be  almost  instantaneous.  If  the 
condenser  is  very  large,  or  of  a  long  shape,  two  rose  injection 
pipes  may  be  fitted  with  advantage.  The  calculations  as  to  the 
amount  of  water  required  for  condensation  have  been  fully  gone 
into  in  Lectures  IX.  and  X. 

Surface  Condenser.* — The  surface  condenser  as  usually  made, 
consists  of  a  cast-iron  chamber,  having  a  large  number  of  thin 
brass  tubes  passing  from  one  side  or  end  to  the  other. 
These  tubes  are  kept  cold  by  forcing  cold  water  through  them 
by  means  of  the  pump  known  as  the  circulating  pump.  The 
exhaust  steam,  which  is  admitted  into  the  condensing  chamber, 
comes  into  contact  with  the  exterior  surface  of  the  tubes,  and  is 
condensed  by  the  cooling  effect  of  the  water  they  contain.  In 
some  few  cases  this  order  of  things  has  been  reversed,  and  the 
steam  passed  through  the  tubes  while  the  cold  water  is  circulated 
outside.  "  Baffle  "  plates  are  usually  fitted  immediately  opposite 
the  steam  entrance,  in  order  to  distribute  the  steam  evenly  over 
the  tubes.  The  condenser  tubes  are  usually  divided  into  groups 
or  tiers.  The  cold  water  is  forced  through  one  tier  of  tubes,  and 
then  returned  back  across  or  along  the  condenser  by  another 
tier.  The  number  of  tiers  is  usually  from  two  to  four.  The 
best  method  of  working  is  to  cause  the  hottest  water  to  meet 
the  hottest  steam.  Thus,  if  the  steam  enters  at  the  top  of  the 
condenser,  and  the  tubes  are  horizontal  (as  in  most  marine 
engines),  the  cold  water  should  be  forced  in  at  the  bottom,  and 
passed  first  through  the  lowest  group  of  tubes,  returning  along 
the  group  next  above  the  lowest.  The  water  is  thereby  con- 
siderably raised  in  temperature,  and  just  previous  to  its  being 
discharged  from  the  condenser  it  passes  through  the  highest 
group  of  tubes,  which  group  is  first  acted  upon  by  the  steam. 
The  condenser  tubes  are  usually  about  J  inch  outside  diameter, 
and  are  of  brass.  They  are  fitted  into  brass  tube  plates,  and 
packed  to  prevent  leakage.  The  methods  of  packing  them  are 
very  various,  but  one  of  the  best  which  is  in  general  use  is 
worthy  of  notice,  and  is  shown  in  the  figure,  t     The  brass  tube 

*  See  Figures  in  Lectures  XXI.,  XXIII.,  and  XXIV.,  for  position  and 
forms  of  surface  condensers ;  also  our  Elementary  Manual,  Lecture  XXIV. 

t  See  Seaton  on  Marine  Engineering,  page  201,  for  six  different  method* 
of  packing  condenser  tubes. 
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plate  is  from   1  to  1J  inch  thick, 

and  has  holes  bored  in  it  to  receive 

the  tubes.      These  holes  are  bored 

\  inch  or  thereby  larger  in  diameter 

than  the  tubes,  for  about  £  inch  into  ' 

the  thickness  of  the  plate,  and   are 

screwed  so  as  to  receive  small  brass 

stuffing  glands.      The   diameter  of 

the  holes  for  the  remainder  of  their 

length  being    only  slightly   larger 

than  that  of  the   tubes    to  allow 

freedom    for    packing.      Hemp    or 

other    suitable    packing   is    wound 

round    the    tubes  in    the   annular    Condenser  Tube  Packing. 

spaces  between  the  tubes  and  the 

plate,  and  this  packing  is  held  firmly  in  position  by  the  screwed 

glands.     The  glands  are  simply  brass  ferrules  (screwed  in  long 

lengths  from  ordinary  brass  tubing,  cut  off  with  a  circular  saw, 

and  notched),  which  fit  loosely  on  the  tubes,  and  are  screwed 

externally  to  fit  the  screwed  hole  in  the  tube  plate.     They  have 

a  slit  on  one  end,  so  that  they  may  be  screwed  home  by  means- 

of  a  brace  fitted  with  a  screw-driver  bit     It  will  be  observed 

from  the  figure,  that  there  is  a  small  internal  shoulder.     This 

should  always  be  adopted  whether  the  condenser  tubes  are  to* 

be  vertical  or  horizontal  for  the  purpose  of  preventing  any  end 

movement.     Even  with  horizontal  tubes  a  little  creeping  might 

take  place  due  to  expansion  and  contraction. 

General  Remarks  on  Condensers. — Jet  condensers  are  largely- 
used  for  land  engines,  and  as  far  as  mere  efficiency  goes  they  are 
quite  as  good  as  surface  condensers.  The  great  objection  to  the 
jet  condenser  is,  that  the  water  formed  by  condensing  the  steam 
mixes  with  the  water  used  for  condensation ;  and,  since  the  feed 
water  for  the  boiler  is  drawn  from  the  hot  well,  if  the  water  used 
for  condensation  be  dirty,  or  otherwise  impure,  the  boiler 
becomes  clagged  with  mud,  and  the  plates  encrusted  with  other 
impurities.  This  necessitates  a  constant  cleaning  out  of  the 
boiler,  and  by  corrosion,  and  the  greater  tendency  to  overheat- 
ing, greatly  shortens  its  life.  In  land  practice,  where  good 
water  may  be  obtained  for  condensation,  jet  *  condensers  are* 
always  used,  but  if  the  water  to  be  used  for  this  purpose  be? 
impure,  surface  condensers  should  be  adopted.  Although  they 
are  more  expensive  than  jet  condensers,  they  will  soon  repay  the 
difference  of  first  cost  in  saving  the  boiler  from  deterioration. 
In  modern  marine  practice  surface  condensers  are  invariably 
used — in  fact,  their  introduction  marked  a  new  era  in  marine 
engine  making,  since  they  render  high-pressure  steam  available 
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for  practical  use.  High-pressure  steam  cannot  be  adopted  in 
conjunction  with  the  jet  condenser,  for  the  following  reasons : — 
In  old  marine  engines  with  jet  condensers,  the  highest  steam 
pressure  that  could  be  conveniently  carried  was  from  30  to 
35  lbs.,  not  from  the  mere  mechanical  difficulty  of  making 
the  boilers  strong  enough  to  carry  a  higher  pressure,  but 
from  the  fact  that  they  got  quickly  "  salted-up "  whenever  the 
pressure  exceeded  that  figure.  The  boilers  were  practically 
fed  with  salt  water,  for  the  water  employed  to  condense  the 
steam  was  drawn  direct  from  the  sea,  and  after  mixing  wits 
the  condensed  steam,  the  major  portion  of  it  was  thrown 
back  into  the  sea  by  the  air-pump,  while  a  comparatively 
small  quantity  of  it  was  pumped  into  the  boiler  by  the  feed- 
pump. The  consequence  of  thus  feeding  boilers  with  salt 
water  was,  that  deposits  of  sulphate  and  carbonate  of  lime, 
&c.,  took  place,  but  by  frequently  blowing  out  the  scum  and 
the  loose  sediment  by  surface  and  bottom  blow-off  cocks,  a 
careful  engineer  could  keep  his  boilers  fairly  clean  and  free 
from  these  incrustations. #  When,  however,  the  pressure  was 
raised  above  35  lbs.  by  gauge,  or  50  lbs.  absolute  (corresponding 
to  a  temperature  of  281°  Fah.,  see  table,  Lecture  VII.),  the  lime 
and  other  impurities  (which,  to  a  great  extent,  had  been  held  in 
solution  by  the  water  at  that  and  at  other  lower  temperatures, 
corresponding  to  lower  pressures),  so  quickly  precipitated,  that 
no  economical  amount  of  "  blowing  off"  could  cope  with  it,  and 
boilers  not  only  became  unmanageable,  but  actually  dangerous. 
Blowing  off  the  hot  water  was  in  any  case,  Iwwever  sparingly 
and  carefully  done,  a  costly  procedure,  and  when  it  had  to  be 
resorted  to  frequently,  it  meant  a  very  great  waste  of  coal. 
The  danger  arose  from  the  tops  of  the  furnace  flues  getting 
red-hot  and  coming  down  into  the  fires,  due  to  the  thick  crust  of 
lime  on  the  water  side  preventing  the  water  coming  into  near 
contact  with  them ;  besides  which,  this  crust  or  scale  when  it 
became  highly  heated,  sometimes  cracked,  and  permitted  the 
water  to  come  into  direct  contact  with  the  red-hot  plates,  thus 
suddenly  generating  a  large  quantity  of  steam  of  a  pressure 
beyond  what  the  area  of  the  safety  valves  could  freely  and 
quickly  let  away.  With  the  surface  condenser,  the  condensed 
steam,  and  consequently  the  feed  water,  are  kept  entirely  separate 

*  The  quantity  of  chemical  salts  held  in  solution  by  the  water,  or,  in  other 
words,  the  density  of  the  water  is  ascertained  by  simply  running  off  a  little 
of  it  (by  a  special  cock  fitted  to  the  front  of  the  boiler)  into  a  deep  can,  and 
inserting  in  it  a  hydrometer  or  salinometer  graduated  in  32nds.  For 
example,  suppose  the  hydrometer  sinks  in  the  water  to  the  mark  3,  then  the 
water  is  said  to  have  -^  of  saltness.  It  would  certainly  be  better  if  instru- 
ments were  so  marked  as  to  be  read  off  in  percentages  of  the  density  of  pure 
or  of  salt  water. 
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from  the  circulating  water,  and  only  a  very  little  salt  water  (or 
better  fresh  water  from  a  separate  condenser  or  fresh-water 
tank)  has  to  be  added  by  an  auxiliary  feed  pipe,  in  order  to 
make  up  for  any  leakage  that  may  take  place.  A  careful  en- 
gineer has  therefore  little  or  no  necessity  for  blowing  off,  and  he 
can  run  his  ^oilers  for  two  months  at  a  time  without  changing  the 
water  in  them,  or  allowing  more  deposit  to  accumulate  than  a 
thin  skin  about  the  thickness  of  a  sixpence,  which  is  considered 
beneficial  if  evenly  deposited,  as  it  prevents  pitting  of  the  boiler 
plates. 

Air-Pumps.* — As  we  have  remarked  before,  the  duty  of  the  air- 
pump  in  the  case  of  a  jet  condenser  is  to  discharge  the  whole 
of  the  condensing  and  condensed  water  as  well  as  the  air 
into  the  hot-well,  and  in  the  case  of  a  surface  condenser  to  free 
the  same  of  the  condensed  water  as  well  as  the  air  and  the 
vapour  which  has  been  set  free.  Water  contains  a  large  pro- 
portion of  air  mixed  with  it,  unless  it  has  been  expelled  by  one 
or  other  of  the  special  methods  now  adopted  in  connection  with 
high-pressure  engines,  such  as  Weir's  patent  feed-water  heater 
and  air  extractor.  This  air  expands  in  the  condenser,  and  would 
considerably  diminish  the  vacuum  if  it  was  not  taken  out  at 
every  stroke  of  the  air-pump.  Besides  this  air,  there  would,  of 
course,  be  an  accumulation  of  vapour  or  low-pressure  steam  in 
the  condenser,  from  the  condensed  water  under  the  action  of  a 
partial  vacuum  or  low  pressure,  and  this  vapour  would  soon  fill 
the  condenser  and  also  spoil  the  vacuum  if  it  were  not  extracted 
by  the  air-pump.  Consequently,  we  see  that  the  chief  work  that 
the  air-pump  has  to  perform  is  to  free  the  surface  condenser  of 
air  and  vapour,  for  a  very  small  pump  would  suffice  to  extract 
the  condensed  steam.  Care  must,  therefore,  be  taken  not  only 
to  have  a  thoroughly  efficient,  but  also  a  sufficiently  large  air- 
pump,  in  order  to  maintain  a  good  vacuum —say  equivalent  to 
from  26  to  27  inches  on  the  barometric  column. 

In  Lecture  XXIII.,  in  the  side  elevation  of  the  compound 
engines,  a  vertical  single-acting  air-pump  is  shown  in  section  and 
described  in  the  specification.  In  Lecture  XXL,  a  double-acting 
one  is  shown  in  the  small  section  of  Penn's  trunk  engine ;  and 
the  circulating  pump  shown  in  section  in  the  folding  page  of  the 
triple-expansion  engines,  Lecture  XXIV.,  is  the  same  as  the  air- 
pump.  Horizontal  air-pumps  are  from  necessity  almost  always 
double-acting,  and  vertical  ones  generally  single-acting.  The 
chief  difference  between  the  two  kinds  lies  in  this,  that  in  the 
case  of  the  double-acting  air-pump  the  bucket  is  closed  or  solid, 
and  there  is  a  complete  set  of  suction  and  delivery  valves  at  each 
end  of  the  pump;  whereas,  in  the  single-acting  one,  the  bucket 

*  See  oar  Elementary  Manual  for  detail  drawings  of  the  Air  and  Circulating 
Pumps  of  S.S.  SL  AognvaUL 
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is  fitted  with  valves  of  the  same  size  and  often  of  the  same  shape 
as  the  foot  valves  at  the  base  and  the  delivery  valves  at  the  top 
of  the  pump.  The  efficiency  or  volume  of  water  and  air  which 
can  be  extracted  for  a  certain  expenditure  of  power  is  much 
greater,  as  a  rule,  in  the  single-acting  vertical  air-pump,  than  in 
the  double-acting  horizontal  one,  from  the  fact  that  the  flow  of 
water,  dec,  being  always  in  one  direction,  its  momentum  is  not 
checked,  the  valves  from  their  natural  position  fall  down  on 
their  seats,  and  as  there  is  always  some  water  on  them,  they  are 
more  easily  kept  tight,  and  less  clearance  can  be  allowed  between 
the  bucket  and  the  foot  and  delivery  valves. 

Air  and  Circulating  Pump  Valves.— The  importance  as  well  as 
the  difficulty  of  getting  thoroughly  reliable  and  lasting  valves 
for  air  and  circulating  pumps,  is  shown  by  the  large  variety  of 
devices  that  have  been  proposed  and  tried.  One  of  the  latest  of 
these  patent  plans. is  shown  in  the  following  figure. 

It  was  devised  by 
Mr.  Beldam,  a  practi- 
cal marine  engineer, 
who  now  acts  as  con- 
sulting engineer  to 
several  important 
steamship  companies, 
aud  he  claims  the 
following  advantages 
for  it  over  the  com- 
mon india-rubber 
valve — viz.,  that  it 
holds  the  vacuum 
better,  lasts  longer, 
is  not  affected  by  oils  or  temperatures,  and  does  not  deteriorate 
by  being  kept  in  stock ;  further,  that  it  is  not  liable  to  crack  like 
some  other  metallic  valves.  These  advantages  seem  to  have  been 
realised  in  a  number  of  steamers  in  which  it  has  been  fitted,  as 
they  have  been  certified  by  several  of  the  chief  engineers  of 
these  vessels,  who  seem  to  have  given  it  a  fair  trial. 

Its  construction  will  be  easily  understood  from  the  figure  and 
the  following  description : — The  upper  part  or  "  check  "  for  the 
valve  is  screwed  on  and  fixed  to  the  central  stud  by  a  nut  and 
split  pin.  Its  under  surface  is  corrugated  as  shown.  The  lower 
part  or  the  valve  seat  is  made  open  ribbed  to  permit  the  water 
to  pass  through  it  easily,  and  it  is  fixed  into  the  orifice  where 
the  valve  is  intended  to  act,  either  in  the  foot  valve  chamber,  or 
the  air-pump  bucket,  or  the  delivery  valve  chamber.  The  cen- 
tral thin  corrugated  sheet  or  valve  proper,  is  fixed  at  its  centre  to  a 


Beldam's  Corrugated  Metallic  Valve. 
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loose  ferrule  which  fits  the  parallel  portion  of  the  central  stud. 
This  admits  of  the  valve  and  central  ferrule  freely  rising  and 
falling  down  to  its  seat  as  a  whole.  The  chief  object  of  using 
the  corrugated  plate  being  that,  for  a  very  thin  and  compara- 
tively light  plate,  you  get  a  much  stiffer  and  stronger  valve 
than  you  would  from  a  plain  plate. 

Circulating  Pumps. — Circulating  pumps  are  employed  only  in 
connection  with  surface  condensers.  They  are  of  three  kinds — 
single,  or  double-acting  reciprocating,  or  rotary  pumps.  The 
single-  or  the  double-acting  reciprocating  pumps  are  almost  pre- 
cisely similar  in  form  and  construction  to  the  single-  or  double- 
acting  air-pumps  just  described  (see  Lecture  XXIV.,  folding 
page  for  a  section  of  a  double-acting  circulating  pump).  The 
single-acting  pump  should,  however,  be  provided  with  a  good- 
sized  air  vessel,  about  double  the  capacity  of  the  pump,  in  order 
to  cause  a  steady  flow  of  water  through  the  condenser  tubes,  and 
both  it  and  the  double-acting  one  should  have  a  small  inlet 
air-valve  or  pet  valve,  so  placed  as  to  automatically  admit  a 
sufficient  quantity  of  air  to  act  as  a  cushion,  and  thus  prevent 
the  natural  vibration  and  noise  due  to  the  momentum  of  the 
water,  as  well  as  a  pipe  and  cock,  or  bye  pass  connecting  the 
suction  and  delivery  chambers,  to  regulate  the  supply  of  water 
without  putting  any  over-stress  on  the  pump. 

Centrifugal  Pump. — In  large  steamers  where  there  is  plenty  of 
room,  it  is  now  usual  to  employ  either  a  double  set  of  rotary 
or  centrifugal  pumps,  or  one  centrifugal  pump  in  addition  to  the 
ordinary  circulating  pump  worked  by  the  main  engines.  One 
of  these  pumps,  as  manufactured  by  Messrs.  J.  <fe  H.  Gwynne, 
Is  illustrated  in  the  following  figures.     The  pump  itself  consists 
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Gwynni's  Centrifugal-Circulating  Pomp. 

of  a  wheel  with  vanes  (curved  backwards  from  the  direction  of 
rotation)  moving  inside  a  closed  snail-like  chamber.  The  water 
enters  at  the  centre  of  the  vanes  from  a  suction  pipe  communi- 
cating with  the  sea  or  the  bilges,  through  the  special  form  of  cock 
(p.  293).  The  suction  pipe  is  attached  to  the  lower  central  flange 
of  the  Gwynne  pump,  and  the  water  having  a  rapid  circular 
motion  imparted  to  it  by  the  rotating  vanes,  it  escapes  with 
considerable  tangential  force  by  the  upper  flange  at  the  back 
side ;  thence  it  passes  through  the  tiers  of  condenser  tubes 
back  to  the  sea  by  the  discharge  pipe,  in  a  continuous  stream. 
The  pump  or  pumps  are  secured  to  the  bed  plate  of  a  pair  of 
small  vertical  fast-speed  Gwynne  engines,  so  that  the  spindle  or 
spindles  may  be  coupled  direct  to  the  engine  crank  shaft.  The 
general  arrangement  will  be  easily  understood  and  followed 
from  the  figures. 

This  form  of  pump  has  several  important  advantages  over  the 
single  or  double-acting  reciprocating  pumps. 

1.  There  are  no  valves  in  it  to  throttle  the  flow  of  the  water 
or  to  get  out  of  order. 

2.  The  stream  of  water  being  continuous  and  uniform  in 
volume,  all  intermittent  shocks  and  arrangements  for  preventing 
these  are  avoided. 
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3.  A  supply  of  cooling  water  may  be  sent  through  the  con- 
denser while  "blowing  through"  and  before  starting  the  main 
engines,  thus  preventing  over-heating  the  condenser,  and  en- 
suring a  good  vacuum  at  the  very  first  start. 

4.  The  amount  of  circulating  water  may  be  varied  at  pleasure, 
according  to  circumstances,  by  simply  running  the  circulating 
pump  fast  or  slow. 

5.  Its  efficiency  is  greater  than  that  of  reciprocating  pumps  for 
the  purpose  in  view. 

6.  If  there  are  two  sets,  the  one  can  be  taken  to  pieces  and 
cleaned  or  repaired  while  the  other  is  at  work,  without  stopping 
the  engines,  which  cannot  be  done  with  reciprocating  pumps,  as 
usually  fitted  to  and  worked  by  the  main  engines. 

The  first  cost  may  be  greater,  and  the  attention  required  to  be 
given  to  them  quite  as  much  as  in  the  case  of  the  reciprocating 
pump,  but  owing  to  the  combination  of  advantages  stated  above, 
they  are  being  now  almost  universally  adopted  in  large  steamers, 
and  even  small  ones  often  carry  them* 
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Lbotubb  XX VL — Question*. 

1.  Sketch  in  section  the  piston  of  a  steam  cylinder  for  a  land  beam 
engine,  showing  the  attachment  of  the  piston-rod  and  the  mode  of  packing 
the  piston. 

2.  Describe,  with  a  sketch,  the  construction  of  a  piston-rod  and  piston, 
with  metallic  packing,  suitable  for  a  horizontal  land  engine,  and  show  how 
the  several  parts  are  titted  together. 

3.  Sketch  and  describe  some  method  of  packing  a  high-pressure  marine- 
engine  piston  so  as  to  make  it  steam-tight.  Describe  also  the  gland  and 
mode  of  packing  for  the  piston-rod,  stating  the  kind  of  packing  which  you 
would  employ. 

4.  Sketch  the  piston  for  a  large  low-pressure  cylinder  marine  engine, 
showing  the  metallic  packing  ring,  and  the  manner  in  which  the  joint  in 
this  ring  is  made,  as  well  as  the  contrivance  for  holding  the  same  in  its 
place.  How  was  a  piston  formerly  packed  with  hemp?  What  is  the 
junk  ring  ? 

5.  Sketch  and  describe  Kirk's  solid  cone-shaped  steel  piston  and  corre- 
sponding piston-rod.  Mention  any  advantages  and  disadvantages  which 
this  form  of  piston  has  in  your  opinion  over  the  ordinary  hollow  form  for 
large  fast -speed  engines. 

6.  Sketch  the  most  common  and  serviceable  form  of  crosshead  and  guide 
for  a  vertical  marine  engine.  How  are  the  rubbing  surfaces  kept  oiled? 
Sketch  the  form  of  crosshead  and  guide  employed  in  a  horizontal  marine 
or  land  engine.     Indicate  how  the  rubbing  surfaces  are  lubricated. 

7.  Give  complete  free-hand  sketches  (side  view  and  plan)  of  a  marine 
engine  connecting-rod,  and  explain  how  the  various  parts  are  machined  and 
fitted  together,  as  well  as  how  the  bearings  are  kept  lubricated  when  the 
engine  is  working. 

8.  Describe,  with  sketch,  some  mode  of  constructing  the  end  of  a  marine 
engine  connecting-rod,  pointing  out  the  provisions  made  to  allow  for  wear 
ana  to  reduce  friction. 

9.  Sketch  the  crank  shaft  end  of  the  connecting-rod  of  a  marine  engine,  and 
describe  the  means  employed  for  lubricating  the  rubbing  surfaces.  Sketch 
and  describe  the  crank  shaft  for  a  large  marine  engine.  Why  are  large 
crank  shafts  made  in  different  pieces,  and  how  are  these  put  together  and 
fixed? 

10.  Sketch  and  describe,  by  an  index  of  parts,  a  complete  line  of  screw 
propeller  shafting,  with  the  stern  tube  and  screw  complete.  Be  particular 
an  snowing  the  position,  fixing,  and  form  of  the  various  bearings,  and  explain 
how  the  thrust  of  the  propeller  is  imparted  to  the  ship. 

11.  In  what  way  is  the  thrust  of  a  propeller  shaft  communicated  to  the 
vessel  ?    Explain  your  answer  by  sketches. 

12.  Sketch  a  section  through  the  thrust  block  of  a  screw  propeller,  and 
state  the  materials  employed  for  the  different  parts.  Explain  clearly  the 
principle  of  construction  and  the  difficulties  to  be  overcome.  {Adv.  S,  and 
A.  JSxam.,  1889.) 

13.  In  a  jet  condenser  the  temperature  of  the  injection  water  is  60°  F.f 
that  of  the  water  after  condensation  is  100°  F.v  and  the  latent  heat  of  the 
steam  which  enters  the  condenser  is  1,016  thermal  units,  the  temperature 
of  the  steam  being  then  140°  F.,  find  the  number  of  pounds  of  injection 
water. 

14.  In  a  marine  engine,  working  with  a  jet  condenser,  describe  the  method 
of  testing  the  saltness  of  the  water  in  the  boiler,  as  well  as  the  instrument 
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employed  for  this  purpose.    Determine  also  the  amount  of  fuel  lost  by 
blowing  out. 

15.  What  is  surface  condensation  ?  How  is  it  carried  out  in  marine 
engines? 

16.  Distinguish  between  a  surface  condenser  and  a  jet  condenser. 
Describe  the  method  of  carrying  out  each  system  of  condensation,  making 
any  sketch  you  think  necessary. 

17.  Describe  a  surface  condenser,  as  applied  to  a  marine  engine.  Indicate 
by  arrows  the  directions  taken  by  the  steam  and  condensing  water,  and 
explain  the  whole  of  the  parts  and  action  by  an  index  of  parts. 

18.  Mention  some  of  tne  advantages  of  a  surface  condenser  as  applied  to 
marine  engines,  and  draw  in  section  a  surface  condenser,  showing  the  mode 
in  which  water  is  caused  to  circulate  through  it.  How  are  the  tubes  fitted 
eo  as  to  avoid  leakage  ? 

19.  A  surface  condenser  consists  of  1000  brass  tubes,  each  6  feet  long  and 
]  inch  outside  diameter,  what  amount  of  cooling  surface  does  this  give? 
Supposing  that  such  a  surface  condenser  is  to  be  fitted  to  an  engine,  what 
pumps,  valves,  &c.,  would  be  required,  and  how  should  you  arrange  them 
in  order  to  put  the  apparatus  in  working  order?    Ana.  1, 178  sq.  ft 

20.  A  surface  condenser  has  1,725  tubes,  each  64  feet  long,  and  finch 
outside  diameter,  what  amount  of  condensing  surface  do  they  give  ?  Write 
-down  two  numbers  which  express  pretty  nearly  the  relative  conducting 
powers  of  copper  and  iron.  How  are  the  condenser  tubes  usually  fitted  and 
kept  tight  ?    Ana.  2,200  sq.  ft.     Roughly  as  6  to  I,  see  p.  45. 

21.  In  what  way  is  the  condenser  of  a  marine  engine  freed  from  the  air 
and  water  which  would  impede  its  action  ?  How  is  the  degree  of  exhaus- 
tion within  the  condenser  ascertained  ? 

22.  Sketch  a  section  through  a  single-acting  vertical  air  pump,  showing 
the  construction  of  the  bucket  and  also  the  position  and  construction  of  the 
valves. 

23.  The  barrel  of  a  single-acting  air  pump  being  vertical,  sketch  a 
flection  through  it,  showing  the  bucket  or  piston  with  metallic  ring  packings, 
and  an  india-rubber  valve  and  guard,  also  show  the  gland  and  packing  of 
the  pump-rod.  Sketch  also  the  foot  and  delivery  valves,  and  show  their 
position  and  connection  with  the  barrel  of  the  pump. 

24.  Sketch  a  section  through  the  air  pump  of  an  engine,  showing  the 
position  of  the  valves.  Describe  an  india-rubber  disc  valve  or  metallic 
valve  as  fitted  to  an  air-pump  bucket. 

25.  Make  a  sectional  sketch  of  an  air-pump  chamber,  with  the  bucket 
and  valves  as  adapted  for  a  double-acting  pump  in  a  marine  engine.  Why 
is  the  use  of  iron  avoided  in  this  part  of  the  engine  ?  What  packing  is 
usually  employed? 

26.  Sketch  a  double-acting  circulating  pump  and  explain  its  action. 
Find  the  diameter  of  such  a  pnmp  in  an  engine  which  condenses  steam, 
producing  1}  cubic  feet  of  water  per  minute,  and  requires  36  times  the 
amount  of  water  in  the  condenser,  the  stroke  of  the  pump  being  15  inches 
and  the  number  of  revolutions  100  per  minute.     (S.  and  A.  Exam.,  1890.) 

27.  Sketch  and  explain  the  general  arrangement  of  a  centrifugal 
circulating  pump  with  fast-speed  engine.  What  advantages  has  it  over  the 
ordinary  single-acting  or  double-acting  circulating  pump? 
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LECTURE  XXVII. 

LAND  BOILERS. 

Contents. —Waggon  Boiler— Egg-Ended  Boiler— Cornish  Boiler— Lanca- 
shire Boiler—Breechee-Flued  Boiler— Water  Tube  Boilers— Bebcock  ft 
Wilcox  Boiler— Vertical  Boilers— Manholes. 

It  is  not  our  intention  in  this  Lecture  to  enter  into  the  early 
history  of  Steam  Boilers  so  fully  as  we  treated  the  early 
history  of  the  Steam  Engine,  since  the  former  were  not  made 
with  any  regard  to  known  mechanical  principles,  but  merely  of 
the  form  most  convenient  to  the  manufacturer. 

Among  the  earliest  types  of  boilers  of  any  note,  the  old 
tpherioal  boiler,  and  the  haystack  boiler  of  Smeaton,  occupied 
foremost  positions.  The  latter  kind  was  largely  used  prior  to 
the  time  of  Watt,  and  consisted  of  a  series  of  flanged  cast-iron 
rings,  which  were  fixed  together  by  means  of  bolts  passing 
through  the  flanges.  The  top  of  the  boiler  was  hemispherical, 
and  also  of  cast-iron,  and  the  boiler  was  fired  from  beneath. 
Many  of  the  engines  of  the  Newcomen  type,  which  were 
fitted  up  by  Smeaton,  were  supplied  with  boilers  of  this  kind 
(see  fig.,  p.  5). 

Waggon  Boiler.— The  "voaggon"  boiler,  so  called  from  its 
resemblance  in  shape  to  a  carrier's  waggon,  was  introduced  by 
Watt,  and  supplied  by  him  along  with  most  of  his  engines.  It 
is  illustrated  in  longitudinal  and  cross  section  in  the  following 
diagram  taken  from  Prof.  Rankine's  book  on  The  Steam  Engine, 

The  top  of  this  boiler  was  circular,  and  the  sides  and  bottom 
concave,  as  shown  by  the  cross  section.  The  sides  were  sometimes 
made  flat,  but  concave  sides  seem  to  have  been  more  general. 
The  fire-grate  was  situated  underneath  the  boiler,  and  is  shown 
at  A.  The  flame  and  products  of  combustion  passed  from  the 
fire-grate  under  the  boiler  to  the  end ;  here,  they  entered  one  of 
the  lateral  flues,  N,  and  traversed  along  one  side  of  the  boiler, 
across  the  front  end,  and  back  along  the  other  side  to  where 
they  passed  into  the  chimney.  This  arrangement  of  conveying 
the  products  of  combustion  round  the  boiler  was  known  as  the 
wheel  draught,  since  the  gases  circulated  from  the  back  end 
right  round  the  boiler.     In  the  larger  sizes  of  waggon  boilers 
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made  by  Boulton  <fe  Watt,  a  flue  was  formed  in  the  boiler  itself. 
The  heated  products  of  combustion  passed  from  the  fire-grate 
underneath  the  boiler  to  the  back  end  as  before,  but  returned 


B  for  Boiler. 

A  ,,   Fire-grate. 

N  ,,   Lateral  fines. 

S  and  W  ,,   Steam  and  Water  cocks. 


M  for  Man-hole. 
V  „   Safety  Valvo. 
F   „   Float. 
X  ,,   Chimney. 


along  this  central  flue  to  the  front.  Here  the  gases  divided,, 
and  moved  back  to  the  chimney  at  the  other  end  of  the  boiler 
through  the  lateral  or  side  flues  on  both  sides.  This  method  of 
conducting  the  gases  round  the  boiler  was  termed  a  split 
draught,  since  the  gases  divided  at  the  front  end  of  the  boiler 

The  column  of  water  in  the  vertical  feed  pipe  formed  the 
pressure  gauge,  and  the  damper  was  controlled  by  the  rise  and 
fall  of  this  column  The  water  level  was  regulated  by  a  float 
arrangement  shown  at  F.  The  float  rose  and  fell  with  the 
water  level  in  the  boiler.  In  falling  it  opened  a  valve  in  the 
vertical  feed  pipe,  which  admitted  water,  whilst  in  rising  it 
closed  this  valve.  This  arrangement  is  one  which  is  only 
suitable  for  the  very  low  pressures  (from  5  to  10  lbs.  per  square 
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inch)  at  which  these  boilers  were  worked,  sinoe  it  is  evident 
that  with  high-pressure  steam  the  vertical  pipe  would  become 
inconveniently  high. 

The  waggon  boiler  was  the  style  of  boiler  in  most  general  use 
in  this  country  for  a  long  time,  and  it  was  not  until  about  the 
year  1830  that  it  began  to  give  place  to  forms  more  capable  of 
resisting  internal  pressure.  Its  form  rendered  it  suitable  only 
for  the  very  low  pressures  which  Watt  used,  and  even  then  it 
required  to  be  stayed  in  the  manner  shown  in  the  cross  section 
in  order  to  prevent  deformation. 

Egg-Ended  Boiler. — When  a  higher  pressure  than  about  15  lbs. 
per  square  inch  became  generally  adopted,  engineers  were  com- 
pelled to  resort  to  cylindrical  boilers.  One  of  the  first  forms  of 
cylindrical  boilers  tried  was  that  known  as  the  egg-ended  boiler. 
This  boiler  was  cylindrical  with  hemispherical  ends.  It  was 
simple  to  construct,  and  required  no  staying  whatever.  The 
arrangements  for  firing  and  conducting  the  products  of  combus- 
tion round  this  form  of  boiler,  were  the  same  as  those  previously 
in  use  for  waggon  boilers,  but  there  was  the  difficulty  of  obtaining 
sufficient  heating  surface.  In  order  to  obtain  a  moderate  extent 
of  heating  surface,  boilers  of  this  kind  required  to  be  made  very 
long  in  proportion  to  their  diameter.  It  also  had  one  serious 
defect,  which  was  not  found  in  the  waggon  boiler,  viz.,  all 
sediment  collected  in  the  bottom  of  the  boiler  where  the  heat 
was  greatest,  and  the  plates  were  thus  liable  to  get  burned.  In 
the  waggon  boiler  the  sediment  collected  in  the  two  bottom 
corners,  and  these  were  not  exposed  to  the  most  intense  heat. 

A  modification  of  the  egg-ended  boiler,  known  as  the  "French" 
boiler  (sometimes  as  the  "  elephant'*'  boiler)  was  much  used  in 
France.  A  full  description  and  illustration  of  this  form  will  be 
found  in  Professor  Rankine's  treatise  on  The  Steam  Engine, 
page  471. 

Cornish  Boiler. — In  order  to  increase  the  heating  surface  of 
egg-ended  boilers,  they  were  latterly  constructed  with  a  flue 
passing  from  end  to  end.  The  products  of  combustion  from  the 
fire-grate  underneath  the  boiler,  after  moving  to  the  back  end, 
returned  through  the  flue  to  the  front  end,  and  then  passed  back 
to  the  chimney  along  the  lateral  or  side  flues  as  in  the  improved 
waggon  boiler.  When,  however,  it  was  discovered  that  the 
radiation  of  heat  from  a  boiler  furnace  amounted  to  20  or  30  per 
cent  of  the  total  heat  of  combustion,  the  furnaces  were  placed 
inside  this  flue,  so  as  to  impart  to  the  water  surrounding  the 
flue,  more  of  the  heat  radiated  from  the  furnace.  Boilers  of  this 
kind  were  introduced  by  Trevithick,  and  since  they  were  first 
used  to  work  the  pumping  engines  at  the  Oomish  mines,  they 


Digitized  by 


Google 


00BNI8H   BOILER. 


301 


are  known  as  Cornish  boilers.  The  following  diagram  shows  a 
longitudinal  and  a  cross  section  through  a  Cornish  boiler  as  now 
commonly  constructed : — 


B  S  represents  the  Boiler  shell, 


FF 

,          „    Furnace  flue. 

FG 

,          „    Fire-grate. 

DP 

»          „    Dead  plate. 

B            t 

,          „    Bridge. 

FD        , 

,          ,,    Fire  door. 

LF 

,          „    Lateral  or  side 

flues. 

B  F    represents  the  Bottom  flue  to 
chimney. 


GS 

ft 

>> 

Gusset  Stays. 

M 

Manhole. 

svs 

w 

>> 

Safety    valve 
seat. 

PSP 

»f 

»> 

Perforated 
Steam  Pipe. 

The  products  of  combustion  pass  from  the  fire-grate  through 
the  flue  to  the  back  end  of  the  boiler,  where  they  divide  and 
return  to  the  front  end  along  the  two  lateral  or  side  flues.  At 
the  front,  the  products  of  combustion  pass  down  to  the  bottom 
flue,  and  re-uniting  move  off  to  the  chimney  in  contact  with  the 
bottom  of  the  boiler.  By  this  arrangement  the  gases  are  reduced 
in  temperature  before  coming  in  contact  with  the  bottom  of  the 
boiler,  where  all  sediment  collects,  and  there  is,  therefore,  no 
danger  of  burning  the  plates  on  the  under  side  of  the  boiler. 
Sometimes  the  gases  are  discharged  direct  from  the  furnace  flue 
into  the  lower  flue;  but,  unless  in  the  case  of  very  long  boilers, 
where  the  gases  may  be  considerably  cooled  before  leaving  the 
furnace  flue,  or  where  the  water  is  very  pure,  this  plan  is 
objectionable,  since  the  underneath  plates  on  which  sediment 
accumulates  are  liable  to  get  burned. 

The  flues  in  the  boiler  shown  are  welded  at  the  longitudinal 
joints,  and  the  several  rings  are  joined  together  by  Adamson's 
flanged  joints.  The  front  end  plate  is  attached  by  an  outside 
angle  iron  ring,  and  the  back  end  plate  by  an  inside  angle 
iron  ring,  and  these  end  plates  are  stayed  to  the  shell  by 
gusset  plates.  The  furnace  bars  are  made  in  two  lengths,  and 
are  supported  at  mid-length  by  a  cross  bearer.  At  the  front  end 
these  bars  rest  upon  the  dead  plate,  and  at  the  back  end  they 
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are  supported  by  the  fire-brick  bridge.  When  air  is  admitted  to 
the  furnace  flue  at  the  bridge,  a  cast-iron  stool  usually  supports 
the  furnace  bars  and  the  fire-brick,  and  a  suitable  sliding  door  is 
fitted  to  the  stool,  the  opening  of  which  for  the  admission  of  air 
is  controlled  from  the  furnace  mouth.  As  a  rule,  however,  the 
whole  of  the  bridge  is  constructed  of  fire-brick.  The  external 
flues  are  built  of  ordinary  bricks,  but  are  always  lined  in  the 
inside  with  fire-brick. 

Lancashire  Boiler.— The  Cornish  boiler  is  only  suitable  for 
small  powers.  When  great  power  is  required  from  any  one 
boiler,  that  boiler  if  made  of  the  Cornish  type  would  require  to 
have  an  excessively  large  furnace  flue,  in  order  to  give  sufficient 
grate  surface.  The  length  of  the  grate  cannot  be  increased 
beyond  that  which  can  be  conveniently  worked  by  the  fireman, 
and  in  practice  it  is  usually  from  5  to  7  feet.  A  flue  of  large 
diameter  is  weak  to  resist  collapse,  unless  made  of  very  thick 
plates,  which  is  undesirable;  hence,  when  large  horse-power  is 
required,  the  construction  of  the  boiler  is  modified,  and  two  flues 
of  moderate  size  are  fitted  instead  of  one.  This  forms  what  has 
been  termed  the  Lancashire  boiler.  In  every  other  respect  it  is 
exactly  the  same  as  the  Cornish  boiler.  The  following  diagram 
shows  a  Lancashire  boibr  complete,  made  by  Messrs.  A.  Shanks 
&  Sons,  Arbroath  : — 


Lancashire  Boiler. 

In  the  Lancashire  boiler  the  furnaces  are  usually  fired 
alternately,  so  that  while  the  one  is  giving  off  smoke  and 
unburnt  hydrocarbon  gases,  the  other  is  burning  briskly,  and 
with  its  greatest  heating  effect.  By  this  arrangement,  when  the 
gases  from  the  two  furnaces  mix  in  the  external  flues,  the 
unburnt  gases  given  off  by  the  green  fire  (due  to  want  of  air  and 
too  low  a  temperature)  are  burnt  by  the  excess  of  air  which  has 
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passed  through  the  other  furnace,  being  raised  to  the  point  of 
ignition  by  the  great  heat  of  the  gases  from  the  bright  fire. 

The  Galloway  Boiler.— The  general  design  of  this  boiler  will  be 
understood  from  the  accompanying  figures.     It  is  a  modification 


Horizontal  Section  of  the  Galloway  Boiler. 

of  the  Lancashire  boiler,  with  two  furnaces  at  the  front,  which  are 

joined  together  behind  the  bridges  into  one  large  flue  or  the  special 

shape  (indicated  in  the  fourth  figure),  containing  a  number  of 

Galloway's  tapered  tubes  arranged 

in    twos    and    threes    alternately 

abreast  of  each  other  along  the  whole 

length  of  the  same,  together  with 

side  pockets.     By  this  means,  the 

heated  gases  as  they  pass  from  the 

two  furnaces  imping  on  the  tubes 

and  impart  their  heat  to  the  water 

contained  therein.    Not  only  is  the 

effective  heating    surface    thereby 

considerably  increased,   but  rapid 

circulation  of  the  water  inside  the 

boiler  is  promoted.     The  annexed 

diagram  shows  the  construction  of  Galloway  Tubes. 

these  tubes  and  the  method  of  fitting  them  into  the  flues.     The 

hole  in  the  upper  side  of  the  flue  is  made  sufficiently  large  to 

allow  the  flange  of  the  smaller  end  of  the  tube  to  pass  through 

it,  and  the  tubes  are  then  riveted  to  the  flue  in  the  manner 

shown.     Water  tubes  of  this  kind,  besides  increasing  the  heat- 
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ing  surface  and  inducing  circulation,  increase  the  strength  of  the 
flues  very  considerably  (see  Fig.  p.  48). 


Back  View  or  the  Galloway  Boiler. 

Water  Tube  Boilers. — In  water  tube  boilers,  sometimes  called 
tubuXous  boilers,  as  distinguished  from  tubular  boilers  (of  which 
the  marine  boiler  is  an  example),  the  flame  and  hot  gases  from 
the  furnace  act  directly  on  rows  of  parallel  tubes  of  small 
diameter,  which  contain  water  and  steam.  These  tubes  are 
connected  to  a  receiver  from  Which  the  supply  of  steam  is  drawn. 
Boilers  of  this  class  possess  several  advantages  over  the  ordinary 
cylindrical  boiler. 

(1.)  The  heating  surface  is  so  large  and  effective,  and  the  heat 
acts  on  such  small  quantities  of  water  at  any  one  place,  that 
steam  can  be  raised  very  rapidly.  Also,  the  constant  rising  of 
steam  from  the  internal  surface  of  the  tubes  creates  a  powerful 
circulation  throughout  the  boiler,  and  prevents  to  a  large  extent 
the  deposition  of  sediment  in  the  tubes. 

(2.)  The  tubes  being  of  small  diameter  (4  inches  to  6  inches), 
may  be  made  very  thin  and  yet  have  a  large  factor  of  safety,  so 
that  boilers  of  this  form  are  well  adapted  for  very  high  pressures. 
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End  View  of  126  H.F.  Patent  Water-Tube  Boiler. 


By  Baboock  &  Wilcox,  Ltd. 
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End  View  of  126  H.P.  Patent  Water-Tube  Boiler. 


By  Babcock  &  Wilcox,  Ltd. 
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Should  an  explosion  take  place,  it  is  never  so  disastrous  as  with 
ordinary  cylindrical  boilers,  since  the  boiler  is  made  up  of  so 
many  separate  parts,  that  if  one  of  these  parts  gives  way,  the 
boiler  is  relieved,  and  little  or  no  further  damage  is  done. 

(3)  The  several  parts  being  comparatively  small  and  light* 
they  are  easily  transported  and  fitted  up  in  places  where  it 
would  be  difficult  to  send  a  whole  cylindrical  boiler. 

(4.)  If  any  part  of  the  boiler  should  fail  or  be  damaged  in 
any  manner,  it  may  be  replaced  with  very  little  trouble  and 
in  a  very  short  time. 

As  an  illustration  of  a  water  tube  boiler,  we  have  selected 
that  manufactured  by  Babcock  &  Wilcox,  Limited,  London 
and  Glasgow,  and  below  we  give  report  of  a  test  made  by 
Prof.  Henry  Robinson  on  one  of  five  140  H.P.  B.  &  W.  boilers 
at  Begent  Park  Electric  Lighting  Station,  St  Pancras  Vestry, 
London,  November  16th,  1891 : — 


Heating  surface, 

Grate  area,      .... 

Ratio  of  heating  to  grate  surface, 

Kind  of  fuel — Mixon's  navigation  steam  coal, 

Duration  of  test, 

Average  steam  pressure, 

Average  temperature  of  feed-water,  . 

Pounds  of  coal  fired,  . 

Pounds  of  refuse,        . 

Pounds  of  combustible, 

Per  cent,  of  ashes, 

Coal  consumed  per  sq.  ft.  of  grate  per  hour, 

Total  water  evaporated, 

Average  evaporation  per  hour, 

Maximum  evaporation  per  hour, 

Water  evaporated  per  square  foot  of  heating 

surface  per  hour, . 
Water  evaporated  per  lb.  of  coal, 
Water  evaporated  per  lb.  of  coal,  assuming 

feed-water  at  212°  Fah.  and  at  atmo 

spheric  pressure, .  • 

Temperature  of  boiler-room,  . 
Temperature  of  flue  gases, 
Force  of  draught  in  inches  of  water, 


1,619  square  feet. 

30        „ 
639  to  1 

5  hours. 
173  5  lb. 
48°  Fah. 
2,352. 
66. 

2,296. 
238. 
156. 

22,925  lb. 
4,585  lb. 
5,160  lb. 

283  lb. 
9-747  lb. 


11-906. 
61°  Fah. 
185°  Fah. 
0391. 


The  boiler  consists  of  several  rows  of  water  tubes,  WT,  placed 
in  an  inclined  position  (see  fig.  p.  306).  Each  upright  row  of  these 
tubes  is  connected  together  by  suitable  end  connections,  £  C, 
which  are  fitted  to  the  water  and  steam  drum,  D,  at  both  ends, 
by  upright  connecting  tubes,  C  T.  The  water  tubes,  W  T,  are 
not  arranged  vertically  above  each  other,  but  are  placed  zig-zag, 
so  as  to  break  up  the  flame  and  products  of  combustion.     Two 


by  Google 


306 


LECTURE   XXVII. 


division  plates  consisting  of  iron,  faced  on  the  front  sides  with 
firebricks,  fit  between  the  tubes  (see  Plate,  side  view).     These 


Thb  Babcock  &  Wilcox  Water  Tube  Boiler. 


guide  the  flame  and  hot  gases  which  rise  from  the  fire-grate 
between  the  upper  ends  of,  WT,  and  cause  them  to  deflect  down 
by  the  first  fire-brick  division,  then  to  rise  again  behind  the 
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second,  and  finally  to  pass  across  between  the  lower  upright  con- 
necting tubes,  and  down  again  to  the  chimney  tunnel  thus 
iTV^*c .  The  water  and  connecting  tubes  (W  T  and  C  T)  are 
4  inches  diameter,  made  of  wrought-iron  and  lap-welded.  The 
steam  and  water  drum,  D,  is  made  of  iron  or  steel  plates,  the 
longitudinal  plates  being  double  riveted,  and  the  circum- 
ferential joints  single  riveted,  while  the  end-plates,  EP,  are 
of  steel  and  are  dished  out  to  the  required  curvature.  Steam 
is  taken  from  the  drum,  D,  by  the  stop  valve,  which  is  fitted 
with  an  internal  pipe,  perforated  with  small  holes  on  the  upper 
side  to  prevent  priming.  Two  glass  water  gauges,  W  G,  and  a 
steam  pressure  gauge,  SG,  and  a  combined  feed  and  check 
valve,  F  V,  are  fitted  to  the  front  end  of  the  steam  drum,  D, 
while  a  safety  valve  is  fitted  on  the  top  centre  and  a  mandoor 
at  the  rear.  Underneath  the  lower  end  of  the  water  tubes* 
WT,  there  is  a  mud  drum  for  collecting  the  sediment  The 
mud  drum  is  a  cast-iron  cylinder  with  branches  cast  on  the 
upper  side  to  receive  its  end  connections.  It  is  fitted  with 
sludge  doors,  and  blow-out  apparatus,  by  which  it  may  be 
thoroughly  cleaned  out  The  sediment  should  be  blown  out 
every  twenty-four  hours. 

Vertical  Boilers. — Vertical  boilers  are  very  useful  for  small 
powers,  but  are  never  employed  for  supplying  steam  to  large 
engines.  They  occupy  much  less  space  than  Lancashire  or 
Cornish  boilers,  but  are  not  nearly  so  economical.  They  are 
chiefly  used  for  auxiliary  purposes  in  steamers,  or  for  use 
on  temporary  constructions  such  as  cranes,  or  in  portable 
machines.  The  annexed  diagram  illustrates  an  ordinary  cross 
tube  vertical  boiler  as  manufactured  by  Messrs.  Shanks  &  Son, 
of  Arbroath. 

It  is  fitted  with  an  internal  fire-box,  which  has  a  fire-grate  at 
the  bottom.  The  top  of  the  fire-box  is  arched  to  resist  collapse, 
and  is  also  bound  to  the  crown  of  the  boiler  by  the  uptake, 
which  is  a  circular  tube  flanged  at  the  bottom,  and  fitted  to  the 
boiler  crown  by  an  angle-iron  ring.  The  bottom  of  the  fire-box 
is  fixed  to  the  shell  by  rivets  passing  through  a  deep  iron  ring 
which  fits  into  the  annular  space  between  the  fire-box  and  the 
shell.  Sometimes  this  joint  is  made  by  flanging  or  rolling  out 
the  bottom  of  the  fire-box  to  the  internal  diameter  of  the  shell, 
and  uniting  the  two  with  rivets.  The  water  tubes  shown  are 
Galloway  tubes,  but  parallel  tubes  are  frequently  fitted  into 
vertical  boilers.  When  such  tubes  are  used,  they  should  be 
fitted  in  with  a  slight  inclination  to  the  horizontal  in  order  to 
improve  the  circulation  and  facilitate  the  escape  of  steam.  The 
various  necessary  fittings  such  as  manholes  and  handholes  for 
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facilitating  inspection  and  cleaning,  as  well  as  a  safety  valve,  water 
and  steam  gauges,  try  cock,  blow-off  cock,  and  feed  water  check 
valve  are  shown  in  position. 


Vertical  Donkey  Boiler. 

The  above  is  the  simplest  form  of  vertical  boiler,  and  the  one 
in  most  general  use,  but  there  are  many  other  plans  for  the 
arrangement  of  the  internal  parts  which  aim  at  giving  increased 
efficiency  to  boilers  of  the  vertical  type.  A  very  simple  and 
efficient  method  of  constructing  the  interior  of  a  vertical  boiler 
is  that  adopted  by  Messrs.  Cochrane,  of  Birkenhead,  which  we 
illustrate  on  p.  310. 
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Sizes  of  Shanks'  Vertical  Boilers. 
For  60  lbs.  Steam  Pressure. 


Hone-Power. 

2H.P. 

4BLP. 

6H.P. 

8H.P. 

10H.P. 

13BLP. 

Height  of  Boiler,  .      . 

5  ft  0  In. 

«  ft  6  In. 

7  ft. « la 

8ft61n. 

9  ft  6  in. 

11  ft  6  in. 

Diameter  of  Boiler, 

3M4„ 

j„n 

3„  3„ 

3  „  9  „ 

4„0n 

4  „  8  „ 

Thickness  of  Shell  Plates 

b.  A„ 

b.  A„ 

B.  Am 

B.    f„ 

B.    f„ 

B.    f„ 

Height  of  Fire-Box,      . 

2ft61zL 

8ft3in. 

8  ft.  10  in 

4  ft  Sin. 

5ft8in. 

6ft0in. 

Diameter  of  Tire-Box,  . 

*.»  o„ 

2M  «„ 

2M11,. 

3M  «„ 

8  „  8  „ 

3  „  11  „ 

Thickness      „      Plates, 

BB.*M 

bb.A„ 

BB.f„ 

BB.  ff  „ 

BRf  „ 

BB.  |  „ 

Number  of  Cross  Tubes, 

1 

2 

3 

8 

8 

4 

Diameter  of  Cross  Tubes, 

8  in. 

8  in. 

Bin. 

9  in. 

11  in. 

11  in. 

Thiokness      „      Plates, 

A„ 

A„ 

A„ 

A. 

A„ 

A,. 

Length  of  Chimney,     . 

8  ft  6  In. 

4ft0in. 

iftOln. 

•  ftOin. 

8ft  Oin. 

9ft.0in. 

Diameter  of  Uptake,    . 

Sin. 

9  In. 

9  In. 

9in. 

11  in. 

11  in. 

Thickness      „      Plates, 

A„ 

A„ 

A„ 

A. 

A. 

A; 

Weight  of  Boiler. . 

Ucwta. 

Ucwts. 

S4cwts. 

Slcwts. 

SSowts. 

«cwts. 

Cochrane' s  boiler  is  similar  in  the  disposition  of  its  heating 
surface  to  an  ordinary  marine  boiler.  The  flame  and  products  of 
combustion  are  led  up  one  side  of  the  boiler  into  the  combustion 
chamber,  then  through  the  horizontal  tubes  across  the  boiler 
into  the  uptake.  This  arrangement  gives  large  heating  surface, 
as  well  as  large  steam  space.  The  tubes  are  easy  of  access,  and 
the  boiler  may  therefore  be  easily  and  thoroughly  cleaned.  The 
hemispherical  crowns  on  the  boiler  shell  and  on  the  fire-box 
render  staying  of  these  parts  unnecessary,  and  the  flat  tube 
plates  are  bound  together  by  the  tubes  themselves. 

Another  form  of  vertical  boiler  is  that  shown  in  the  diagram 
on  p.  311  *  (combined  with  a  small  vertical  steam  engine),  which 
has  been  designed  and  patented  by  Messrs.  Shanks  of  Arbroath. 

The  distinctive  features  of  this  boiler  are  the  construction  of 
the  furnace  crown  and  the  return  tubes.  As  will  be  seen  from 
the  figure,  the  fire-box,  which  is  tapered  throughout,  is  largely 
increased  in  diameter  at  the  top ;  it  is  then  arched  over,  and  the 


•  A  plan  of  this  form  of  boiler  is  shown  at  the  end  of  the  next 
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centre  dished  down  to  the  hollow  pot-like  shape  shown,  the 
hollow  dished  portion  being  formed  of  a  separate  plate.  Return 
tubes  are  fitted  between  the  upper  part  of  the  fire-box  and  the 
bottom  of  the  water  space.     The  annular  space  underneath  this, 


Cochrane's  Vertical  Boiler. 

between  the  bottom  of  the  fire-box  and  the  outer  shell,  serves  as 
a  flue,  and  leads  the  products  of  combustion  round  to  the  uptake 
or  chimney,  which  is  situated  at  one  side  of  the  boiler.  The 
flame  and  hot  gases  from  the  fire-grate  rise  to  the  top  of  tho  fire- 
box, and  then  entering  the  tubes,  proceed  downwards  into  the 
annular  flue  at  the  bottom,  from  which  they  ascend  the  uptake 
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Sll 


Shanks'  Return  Tube  Vertical  Boiler  and  Vertical  Engine. 


and  chimney.  The  section  of  the  engine  and  the  hoiler  mount- 
ings will  be  readily  understood  by  the  student  from  the  figure, 
without  explanation  at  this  stage  of  our  Lectures. 

Manholes.— Manholes  are  usually  of  an  elliptical  form,  and 
about  16  in.  by  12  in.,  and  in  large  boilers  there  is  generally  a 
smaller  one,  about  14  in.  by  11  in.,  through  which  a  boy  can  pass, 
besides  the  larger  one.     It  is  apparent  that  the  cutting  out  of 
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such  a  large  hole  as  this  in  a  boiler  plrte,  reduces  to  a  very  great 
extent  the  strength  of  that  plate,  an<*  yet,  until  lately,  this  does 
not  seem  to  have  been  recognised,  since  no  means  were  adopted 
to  compensate  for  this  loss  of  strength.  Wherever  such  a  large 
hole  as  this  is  cut  out  of  the  boiler  plates,  the  edge  of  the  plate 
should  be  strengthened  by  riveting  securely  a  broad  wrought- 
iron  ring  round  the  edge,  or  by  some  other  efficient  plan.  The 
manhole  covers  also  were  formerly  of  a  bad  form,  being  simple 
flat  plates  rolled  to  the  curvature  of  the  boiler.  They  were 
fitted  to  the  inside  of  the  shell,  and  held  up  by  bridge  bars,  bolts, 
and  nuts.  Owing  to  their  curved  form,  it  was  very  difficult  to 
get  a  good  fitting  joint*  and  the  bridge  bolts,  therefore,  required 
to  be  screwed  up  very  tightly,  which,  assisted  by  the  steam 
pressure  inside,  was  liable  to  cause  bulging  of  the  cover,  and 
start  a  rent  in  the  edge  of  the  manhole. 

A  very  good  method  of  strengthening  the  manhole  and  of 
forming  the  cover,  is  shown  in  the  following  figure  : — 


Boiler  Manhole. 

This  arrangement  was  devised  by  Mr.  Charles  M'Neil,  junr., 
of  Kinning  Park  Iron  Works,  Glasgow,  and  is  a  very  strong, 
yet  very  simple  form  of  manhole.  The  edge  of  the  manhole  is 
generally  strengthened  by  a  broad-flanged  ring  of  Siemens'  steel 
as  shown,  and  this  ring  has  a  flat-faced  joint  on  its  under  side. 
The  cover,  which  is  made  of  the  form  shown  for  the  sake  of 
strength,  is  also  flat,  and  is  faced  so  as  to  facilitate  the  making 
of  a  tight  joint  with  the 'ring. 

The  form  of  manhole  cover  in  most  general  use  at  the  present 
time  for  horizontal  land  boilers,  is  that  in  which  there  is  a  short 
cast-iron  or  wrought-iron  flanged  neck  fitted  above  the  hole  in 
the  boiler  plate,  sometimes  with  the  addition  of  the  usual 
strengthening  ring  round  the  hole  inside  the  boiler.  This  neck 
is  made  flat  on  the  top,  and  is  fitted  with  a  flat  or  slightly  curved 
cast-iron  cover,  which  is  secured  by  bolts  and  nuts  passing 
through  the  flanges.  This  method  is  very  efficient,  since  it  gives 
ample  strength,  and  the  joint  of  the  cover  gives  no  trouble. 
(See  figs.,  pp.  301,  302,  and  folding-page  in  this  Lecture.) 
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Lecture  XXVIL— Questions. 

1.  Sketch  a  section  through  a  single  tube  or  Cornish  boiler,  with  a  fire- 
grate inside  the  tube.  Also  describe,  with  a  sketch,  a  safety  valve,  as 
applied  to  such  a  boiler. 

2.  Describe,  with  sketches,  the  construction  of  a  Lancashire  double-flued 
boiler.     Show  the  position  of  the  necessary  fittings. 

3.  Sketch  a  section  of  a  cylindrical  land  boiler,  with  two  internal  furnace 
tubes.  Describe  the  mode  of  constructing  the  tubes  so  as  to  allow  for 
expansion  or  contraction,  and  to  prevent  collapse.  Show  the  manner  in 
which  the  shell  is  strengthened  by  gusset  stays. 

4.  Describe,  with  a  sketch,  an  ordinary  cylindrical  land  boiler  with  flat 
ends  and  internal  flues.     Enumerate  the  principal  fittings  and  their  uses. 

5.  Sketch  the  front  view  of  a  Lancashire  boiler,  showing  all  the  necessary 
fittings.  State  the  uses  of  the  principal  parts  in  giving  an  index  of  them. 
Also  describe  any  apparatus  for  indicating  the  height  of  the  water  in  land 
boilers  with  sketch  and  reference  table. 

6.  Sketch  and  describe  any  form  of  breeches-flued  boiler,  and  point  out 
briefly  its  distinctive  features.  In  what  respect  does  this  boiler  possess  an 
advantage  over  the  Lancashire  boiler  ? 

7.  Sketch  and  describe,  with  index  of  parts,  any  form  of  water  tube 
boiler  with  which  you  are  acquainted,  and  state  what  advantages  this  form 
of  boiler  has  over  ordinary  cylindrical  boilers.     State  also  its  disadvantages. 

8.  Describe  fully  by  sketches  a  vertical  cross  tube  boiler,  and  describe 
the  several  workshop  processes  by  which  such  a  boiler  is  constructed. 

9.  Describe  the  form  of  water  tubes  usually  fitted  to  cylindrical  land 
boilers,  and  show  how  they  are  fitted  in. 

10.  Sketch  and  describe  the  best  form  of  manhole  for  a  boiler  with  which 
you  are  acquainted. 

11.  Sketch  and  describe  two  methods  by  which  the  internal  tubes  of  a 
Lancashire  boiler  are  strengthened  against  collapse.  Name  the  advantages 
claimed  for  the  plans  you  select.     {Adv.  8.  and  A.  Exam.,  1888.) 

12.  Sketch  a  transverse  section  through  a  Lancashire  double-flued 
boiler.  Enumerate  the  principal  external  fittings,  and  their  uses.  Describe, 
with  a  sketch,  the  construction  of  the  internal  flues,  stating  the  reasons 
for  the  particular  arrangement  shown.     [S.  and  A.  Exam.,  1890.) 
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LECTURE  XXVIII. 

MARINE  BOILERS. 

Contents.— Roctangular,  Oval,  and  Cylindrical  Boilers— Single-ended  and 
double-ended  Boilers— Boilers  of  S.S.  St.  Rognvald  with  specification — 
High-pressure  Boilers  of  S.S.  A rabian— Double-ended  Boilers  of  S.8. 
Wmgsang,    Shanks'  Small  Vertical  Marine  Boiler  for  Steam  Tugs,  Ac. 

Rectangular  Boilers. — The  old  marine  boilers  were  all  made 
rectangular ;  and  they  continued  to  be  made  of  that  form  so  long 
as  steam  pressures  below  35  or  40  lbs.  per  square  inch  were  in 
use  for  marine  engines.  In  modern  practice,  however,  owing  to 
the  use  of  steam  at  a  pressure  greatly  exceeding  the  above, 
boilers  of  this  form  are  no  longer  manufactured,  and  few  of  them 
are  in  use  except  amongst  the  war-ships  of  the  Royal  Navy.  As 
compared  with  the  modern  cylindrical  boilers,  working  at  the  same 
pressure,  they  occupied  less  space  in  the  ship  for  a  given  power, 
but  they  were  heavier,  owing  to  their  form  and  the  enormous 
number  of  vertical  and  horizontal  stays  required  to  support  the  flat 
sides ;  and  being  more  difficult  to  construct  they  were  therefore 
more  expensive.  They  had,  however,  owing  to  the  rectangular 
form,  more  steam  space  for  the  same  amount  of  grate  and  heating 
surface.  Rectangular  boilers  were  constructed  with  any  required 
number  of  furnaces,  usually  3  or  4  for  large  powers,  and  the 
furnaces  were  arched  on  the  top  and  bottom,  and  had  flat  sides. 
Boilers  of  this  form  were  classified  into  dry  bottom  and  wet 
bottom  boilers.  In  dry  bottom  boilers,  there  was  no  water  space 
underneath  the  furnace  flues;  there  was  in  fact  no  bottom 
to  them,  simply  recesses  formed  in  the  bottom  of  the  boiler : 
whereas,  in  wet  bottom  boilers,  the  furnace  flues  were  formed 
entirely  inside  the  boiler,  with  a  water  space  underneath. 
Rectangular  boilers  were  as  a  rule  tubular  boilers,  and  the 
arrangement  and  position  of  the  tubes  were,  except  in  a  few  special 
forms,  similar  to  those  in  the  modern  cylindrical  marine  boiler — 
i.e.,  the  flame  and  products  of  combustion  passed  from  the  furnace 
flue  into  a  combustion  chamber  at  the  back  of  the  boiler,  and 
returned  through  a  series  of  tubes  situated  above  the  furnace 
flues  into  the  smoke-box,  and  thence  passed  up  the  uptake  to 
the  chimney. 

Oval  Boilers. — To  economise  space  and  obtain  some  of  the 
advantages  of  the  old  rectangular  boiler,  marine  boilers  are  some- 
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times  made  with  flat  sides  and  semi-circular  at  the  top  and  bottom, 
and  are  known  as  oval  boilers.  The  flat  sides  require  to  be  bound 
together  by  transverse  stays,  which  are  made  to  pass  between  the 
rows  of  tubes.  These  boilers  are  simple  to  construct  and  work 
economically,  and  the  thickness  of  the  shell  plates  is  less  than 
would  be  required  for  a  cylindrical  boiler  of  same  power  and 
capacity,  since  the  thickness  is  determined  by  the  diameter  of 
the  semi-circular  part  at  the  top  and  bottom. 

Cylindrical  Boilers. — Modern  steam  boilers  which  have  to 
resist  very  high  pressures  have  their  shells  made  cylindrical, 
since  that  is  the  only  form  for  which  staying  is  not  necessary, 
and  the  flues  are  also  made  of  this  form.  Cylindrical  marine 
boilers  are  made  either  single-  or  double-ended — *.«.,  the  boiler  is 
fired  from  one  end  or  from  both  ends.  The  former  contain  from 
two  to  four  furnaces,  and  the  combustion  chambers  are  variously 
arranged. 

(1.)  In  single-ended  boilers,  when  there  are  two  furnaces  there 
may  be  one  combustion  chamber  common  to  both,  or  a  separate 
combustion  chamber  for  each  furnace.  The  latter  is  the  better 
arrangement,  since,  if  any  slight  fault  such  as  the  leaking  of  a 
tube  occurs  in  one  combustion  chamber,  it  may  be  repaired 
without  the  necessity  of  drawing  both  fires  and  blowing  off 
steam. 

When  the  boiler  has  three  furnaces,  there  are  almost  invariably 
three  separate  combustion  chambers,  since,  no  other  equal  divi- 
sion can  be  arrived  at. 

If  there  are  four  furnaces  in  the  boiler  there  are  usually 
either  two  or  three  separate  combustion  chambers.  When  two 
combustion  chambers  are  fitted,  each  pair  of  side  furnaces 
communicates  with  the  same  combustion  chamber ;  and  if  three 
combustion  chambers  are  fitted,  the  two  central  furnaces  have  a 
common  combustion  chamber,  and  the  side  furnaces  have 
separate  combustion  chambers. 

(2.)  In  double-ended  boilers,  the  combustion  chambers  are 
arranged  independently  of  the  number  of  furnaces. 

A  very  common  and  efficient  plan  is  to  have  opposite  furnaces 
connected  to  the  same  combustion  chamber.  Another  arrange- 
ment gives  one  common  combustion  chamber  for  each  end  set  of 
furnaces;  while  in  the  third,  which  is  the  heaviest  and  most 
expensive  method  of  all,  each  furnace  has  a  separate  combustion 
chamber. 

The  arrangements  of  combustion  chambers  given  above,  are 
those  usually  met  with  in  actual  practice,  although  other 
plans  may  sometimes  be  adopted. 

Boilers  of  S.S.  "St  Rognvald."— The  following  illustrations 
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LOKGITUDIVAL  SECTION—  SOALB  J  InCH  =  1  FOOT. 


O  S  for  Outside  Shell. 

F  „  Furnaces. 

CC       „  Combustion  Chambers. 

T  M  Tubes. 

FP       „  Front-end  Plate. 


T  P      for  Tube  Plates  (front  and 
back), 

B  P      „    Back-end  Plate. 

L  J       „   Lap  Joint,  in  circumfer- 
ential aeams. 
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Halt-Ens  Vbw  Aim  Coots  Section— Soali  J  Inch=1  foot. 
(Donble-rireted  Bntt      MH  ^  ManMe»nd  Mudhol. 

DBS  for  )     2SS\r£rftaSj  LS     »  WESst»y* 
1     itrape  for  longitudinal  gT      »  g^^^ 

SO       „  Steam  Dome.  cs         Crown  StoJ„, 

SN       „       „     Neck.  ss  Screwed  Stojrfc- 
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represent  the  boilers  of  the  S.S.  St  Bognvald,  constructed  by 
Messrs.  Hall,  Russell  &  Co.,  of  Aberdeen. 

The  engines  of  this  steamer  were  illustrated,  and  a  specification 
given  in  Lecture  XXIII. ;  we  now  append  a  complete  specification 
of  the  boilers. 


SPECIFICATION  OF  MAIN  BOILERS  S.S.  "ST.  ROQNVALD." 

General.  —To  be  two  in  number,  cylindrical,  multitubular,  and  fired  from 
one  end  with  four  furnaces  in  each.  To  be  made  of  mild  steel  (Siemens' 
process),  with  the  exception  of  the  tubes. 

Shells. — Each  boiler  to  be  15  feet  extreme  diameter,  and  10  feet  51nchea 
long.  The  plates  to  be  {  inch  thick,  in  two  lengths  fore  and  aft.  The 
circumferential  seams  to  be  lap-jointed  and  doable-riveted  with  rivets  1| 
inches  diameter,  and  5J  inches  pitch ;  the  longitudinal  seams  to  be  made 
with  double  butt-straps  12$  inches  broad,  f  inch  thick,  and  double-riveted 
with  rivets  14  inches  diameter  and  5  inches  pitch. 

The  end  plates  to  be  ff  inch  thiok,  flanged  all  round,  and  double-riveted 
to  shell.  The  whole  of  the  rivet  holes  to  be  drilled  1  inch  diameter  before 
the  plates  are  bent,  and  after  they  are  bent  they  are  to  be  fitted  together 
and  the  holes  drilled  out  in  place  to  fit  the  rivets. 

The  edges  of  plates  to  be  planed  all  round,  and  the  seams  of  shell  to  be 
carefully  caulked  inside  ana  outside.  A  baffle  plate  to  be  fitted  to  the 
fronts  of  each  boiler  above  tubes. 

Furnaces. — To  be  four  in  number  for  each  boiler,  3  feet  4  inches  outside 
diameter,  and  7  feet  long,  nlates  to  be  A  mcn  thiok,  and  the  top  plate  to  be 
in  one  piece  and  jointed  to  the  bottom  plate  by  double  butt-straps  { inch  thick 
and  single  riveted.  The  whole  of  edges  of  the  plates  and  butt-straps  to  be 
planed  and  caulked  outside  and  inside. 

Combustion  Chambers. — The  two  centre  furnaces  to  have  one  combustion 
chamber  common  to  both.  The  two  side  furnaces  to  have  each  a  separate 
combustion  chamber.  The  back  and  side  plates  to  be  4  inch  thick,  and 
stayed  with  screwed  stays  \\  inches  diameter  at  bottom  of  thread,  and 
pitched  8}  inches  apart ;  made  of  mild  steel,  and  fitted  with  nuts  at  both 
ends.  The  tops  of  these  chambers  to  be  curved  to  the  arc  of  a  circle 
of  26  inches  radius. 

Tubes. — To  be  of  iron,  lap- welded,  249  in  number  (in  each  boiler),  and 
Z\  inches  external  diameter,  and  No.  9  B.  W.G.  in  thickness,  swelled  at  front 
end  to  3f  inches  diameter.  The  stay  tubes  to  be  75  in  number  (in  each  boiler) 
Z\  inches  external  diameter,  and  A  inch  thick.  These  tubes  to  be  screwed  into 
back  tube  plate,  and  fitted  with  nuts  on  combustion  chamber  side,  and  to 
be  secured  into  the  front  tube  plate  with  nuts  on  each  side. 

Stays,—  The  longitudinal  stays  in  steam  space  to  be  2$  inches  diameter  at 
bottom  of  thread,  made  of  mild  steel  and  pitched  16  inches  apart.  Washers 
74  inches  diameter,  £  inch  thick,  to  be  fitted  to  each  of  the  stays  at  both 
ends  of  boiler  (outside).  The  end  plates  of  the  boiler  to  be  tapped,  and 
stays  screwed  in,  to  a  good  fit,  and  afterwards  caulked.  The  whole  of  the 
staying  to  be  sufficient  for  a  working  pressure  of  90  lbs.  per  square  inch. 

Steam  Domes. — One  on  each  boiler  3  ft.  6  inches  diameter,  and  7  ft.  long, 
with  plates  4  tach  thick.  The  longitudinal  seams  to  be  lap-jointed  and 
double  riveted ;  the  circumferential  seams  to  be  lap- jointed  and  single  riveted. 
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The  end  plates  to  be  f  inches  thick,  and  dished  to  a  circle  24  inches  radios, 
and  fitted  with  one  steel  stay  in  the  centre,  2}  inches  diameter  at  bottom  of 
thread.  The  domes  to  be  connected  to  the  boilers  by  strong  neck  pieces 
16  inches  diameter  inside,  and  12  inches  long,  and  double  riveted  to  shells 
of  dome  and  boiler. 

Manlioles. — To  be  cut  in  the  shells  of  the  boilers  where  required,  and  to  be 
fitted  with  wrought-iron  doors,  studs,  bridges,  &c. ,  and  compensating  rings 
of  flat  plate,  or  angle-iroa  fitted  round  them,  and  double  riveted  to  shell. 

Testing.—  The  complete  boilers  and  steam  domes  to  be  tested  with  water 
pressure  to  180  lbs.  per  square  inch,  before  leaving  the  works,  without  any 
leakage  or  signs  of  weakness. 

Bouer  Fixings.— The  boilers  to  rest  on  very  strong  wrought-iron  seats 
riveted  to  the  ship's  floors,  with  double  angle  irons  on  the  floors.  The  seats 
to  be  well  stayed  in  a  fore  and  aft  direction.  The  upper  part  of  boilers  to 
be  securely  fastened  to  the  ship's  beams,  in  such  a  way  as  to  allow  for  the 
boiler  expanding  without  opposition  from  the  stays. 

Lagging. — After  the  boilers  have  been  fixed  in  the  vessel  and  tested  to  90 
lbs.  steam  pressure,  their  upper  parts  and  the  steam  domes  are  to  be  covered 
with  an  approved  non-conducting  composition,  to  extend  round  as  far  as  the 
centre  of  the  wing  furnaces,  and  then  to  be  sheathed  with  sheet  lead  or 
galvanised  iron,  bound  with  strong  iron  hoops. 

Boiler  Mountings.— Each,  boiler  to  have  two  spring  loaded  safety  valves 
4)4  inches  diameter,  with  easing  gear  led  to  engine-room  platform,  one  steam 
stop  valve  7  inches  diameter,  one  valve  for  steam  to  winches  and  cranes  24 
inches  diameter,  one  valve  for  steam  to  whistle,  one  surface  blow-off  valve, 
one  bottom  blow-off  valve,  one  main  feed  check  valve,  one  donkey  feed 
check  valve,  one  salinometer cock,  two  sets  of  asbestos  packed  gauge  cocks; 
also  an  efficient  means  of  circulating  the  water  in  boilers  while  steam  is 
being  got  up.  The  whole  of  the  above  valve  chests  to  be  of  cast-brass, 
with  the  exception  of  the  safety  valve  and  stop-valve  chests. 

Furnace  Mountings. — The  furnace  fronts,  doors,  and  centre  bar-bearer,  to 
be  made  of  wrought-iron,  and  the  dead  plates  and  bars  of  cast-iron. 
Furnace  fronts  below  dead  plate  to  be  fitted  with  damper  doors,  with  a 
rack  to  keep  them  open  to  the  desired  amount.  A  wrougnt-iron  door  to  be 
fitted  to  lower  part  of  bridge  bearer  in  each  furnace,  bo  that  ashes  or  coal 
thrown  over  the  bridges  may  be  removed. 

Uptake  and  Funnel— The  uptake  to  be  formed  of  }  inch  and  A  lnch 
wrought-iron  plates,  with  an  air  space  of  2  inches  between  them.  The 
smoke-box  doors  to  have  shield  plates  both  outside  and  inside,  and  very 
strong  hinges  with  brass  pins  riveted  in.  The  funnel  to  be  formed  of  \  inch 
and  A  inch  plates,  43  feet  high  from  firebars,  and  6  feet  6  inches  diameter, 
with  all  necessary  hoops  and  shackles  for  stays,  &c. 

Boilers  of  S.S.  "Arabian."— As  an  illustration  of  boilers  which 
work  at  a  very  high  pressure,  we  have  selected  that  shown  in 
the  following  diagrams,  which  is  the  boiler  of  the  S.S.  Arabian 
(the  engines  of  which  were  described  in  Lecture  XXIV.),  and 
was  constructed  by  Messrs.  Rankin  <fc  Blackmore,  Greenock. 
The  engines  are  of  the  triple-expansion  type,  and  the  boiler 
pressure  is  150  lbs.  per  square  inch. 

This  boiler  is  single  ended,  and  is  10  feet  6  inches  diameter, 
and  9  feet  5£  inches  long.  It  has  two  furnaces,  3  feet  diameter 
(minimum)  constructed  of  Fox's  corrugated  steel  plate  J  inch 
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thick,  and  each  furnace  has  a  separate  combustion  chamber. 
The  shell  plates  are  of  steel  1  inch  thick,  and  the  shell  is 
constructed  in  three  rings,  which  are  united  together  circum- 
ferentially  by  double-riveted  lap  joints.     These  rings  are  jointed 


"3S£_  •  •% /*w  — -3E--^«>-a» 


Longitudinal  Section— Boiler  or  S.S.  "Arabian/* 


-UK 


longitudinally  by  treble-riveted  butt  joints,  provided  with  double 
straps  or  cover  plates,  ^|  inch  thick.  The  rivets  used  are  of 
steel,  1  inch  diameter,  and,  in  the  case  of  the  longitudinal 
joints,  they  are  placed  at  4£  inches  pitch.  The  end  plates  are 
made  in  three  pieces,  and  are  fixed  together  by  double-riveted 
lap  joints,  and  flanged  to  meet  the  shell  and  the  corrugated 
furnace  flues.  The  furnace  flues  are  flanged  at  the  back  ends, 
and  riveted  to  the  combustion  chambers.       The  combustion 
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chambers  are  flat  on  the  top,  and  deformation  is  prevented  by 
girder-plate  crown  stays,  OS,  fitted  with  three  If  inch  steel 
bolts  for  each  stay.     The  screwed  stays,  S  S,  at  the  backs  of  the 


Boilib  or  S.S.  w  Arabian.19 


OS 

CF 

CC 

T 

ST 

FTP 

BTP 

FD 

FB 

CB 


for  Outside  Shell. 
„   Corrugated  Furnace  Flues. 
„   Combustion  Chambers. 
„  Tubes. 
„   Stay  lubes. 

Front  Tube  Plate. 

Back  Tube  Plate. 

Furnace  Door. 

Furnace  Bars. 

Cross  Bearer  for  furnace  bars. 


B  B  for  Fire  Brick  Bridge. 

M      „   Manhole. 

I  D     „   Inspection  Door. 

L  S    „   Longitudinal  Stays. 

C  S  „  Crown  Stays. 

S  S   „   Screwed  Stays. 

SB,,  Smoke-Box. 

GP  „   Guard  Plates  for  L  S  nutat 

U       „   Uptake  to  Funnel. 
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combustion  chambers,  are  of  steel  1£  inch  diameter,  with  the 
exception  of  those  forming  the  outside  row,  which  are  1£  inch 
diameter.  All  these  stays  have  nuts  on  both  ends.  The  flat 
sides  of  the  combustion  chambers  are  stayed  by  1£  inch  steel 


Boiler  of  S.S.  "  Wingsano"— Scale  J  inch  =  1  foot 


D  B  S  for  Doable  Butt  Strap  Joints. 
L  S       „  Longitudinal  Stays. 
CS       „   Crown  Stays. 
S  S       „   Screwed  btaya. 
8  D      „  Steam  Dome. 


D  E     for  Dome  End-plates. 
SN      „   Steam  Neck. 
MH     „   Manhole,   and  Mudhola 
Openings. 
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stays  with  nuts  on  the  inner  ends  only,  the  outside  ends  being 
riveted  over.  The  boiler  contains  122  tubes,  T,  3  A  inches 
diameter,  of  which  number  40  are  stay  tubes,  ST,  whilst  six 
others  are  screwed  into  the  back  tube  plate,  B  T  P,  and  beaded 
over  on  the  front  ends.     The  stay  tubes,  S  T,  are  screwed  into 


BOILEB  OP  S.S.  "WlNGSAK 

OS 

F 

CF 

CC 

T 

for  Outside  ShelL 
„    Furnaces. 

„    Corrugated- furnace  Flues. 
,,    Combustion  Chambers. 
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the  back  tube  plate,  BTP,  and  have  double  nuts  on  the  front 
ends.  The  stay  tubes  are  ^  inch  thick,  and  the  ordinary  tubes, 
No.  9,  W.G.  thick,  or  -148  inch.  The  upper  part  of  the  boiler, 
and  also  the  lower  part  below  the  furnaces,  are  stayed  by  steel 
longitudinal  stays,  L  S,  2$  inches  in  diameter  at  the  body,  with 
2f  inches  screws.  A  stay  tube  running  through  to  the  front 
plate  below  the  smoke-box,  is  also  provided  on  each  side  of  the 
boiler  as  shown  in  the  end  elevation,  to  support  that  part  of 
the  combustion  chamber  into  which  it  enters.  The  manhole  on 
the  top  of  the  boiler  is  fitted  with  a  ring,  6  inches  broad  and 
1  inch  thick,  to  compensate  for  the  loss  of  strength  of  the  plate 
in  which  the  hole  is  cut. 

8.S.  "Wingsang,sw  Boilers. — Double-ended  boilers  are  very 
commonly  used  in  marine  practice  for  large  powers,  since  they  are 
lighter  (and  therefore  cheaper)  in  proportion  to  power  than  single- 
ended  boilers.  The  drawings  on  the  previous  pages,  322  and 
323,  to  a  scale  of  i  inch  =  1  foot,  illustrates  the  double-ended 
boiler  of  the  S.S.  Wtngsang,  constructed  by  Messrs.  Hall,  Russell 
&  Co.,  Engineers  and  Shipbuilders,  Aberdeen,  for  a  steamer  in 
the  Chinese  Coasting  Trade. 

The  boiler  is  13  feet  6  inches  diameter,  and  17  feet  long.  The 
shell  is  constructed  of  4  rings  of  plate,  which  are  united  together 
circumferentially  by  double-riveted  lap  joints;  the  two  middle 
rings,  however,  being  fastened  by  a  butt  joint  with  a  single-cover 
plate.  The  longitudinal  joints  are  all  double-riveted  butt  joints, 
and  have  double-cover  plates.  Fox's  corrugated  furnace  flues  are 
fitted  to  this  boiler,  and  each  furnace  flue  is  connected  to  a 
separate  combustion  chamber.  The  combustion  chambers  are 
arched  on  the  top,  and  bound  together  by  plate  and  angle-iron 
stays.  Of  the  return  tubes  every  alternate  one  forms  a  stay 
between  the  two  tube  plates.  As  in  the  other  marine  boilers 
already  described,  these  stay  tubes  are  made  thicker  than  the 
others,  and  are  screwed  into  the  back  tube  plate  with  nuts  inside 
the  combustion  chambers,  and  are  fitted  into  the  front  tube  plate 
with  nuts  on  each  side.  A  very  large  dome,  3  feet  diameter  and 
14  feet  3  inches  long,  is  fitted  to  this  boiler,  and  is  attached  by 
two  wrought-iron  neck  pieces,  in  order  to  collect  an  abundance 
of  dry  steam. 

In  Lecture  XXI.,  we  illustrated  and  described  a  small  pair  of 
non-condensing  marine  engines,  by  Messrs.  Shanks  <k  Son  of 
Arbroath,  for  use  in  steam  launches,  yachts,  and  small  screw- 
tugs.  It  is  of  importance  in  such  cases  to  minimise  the 
longitudinal  space  occupied  by  the  boiler  as  much  as  possible, 
and  with  this  object  in  view,  the  above  makers  have  adapted 
their  vertical  multitubular  boiler  described  in  the  last  Lecture. 
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The  accompanying  illus- 
tration will  still  further 
explain  the  internal  con- 
struction of  this  form  of 
boiler,  as  a  sectional  plan 
is  shown  in  addition  to 
the  vertical  section. 

Great  heating  surface, 
easy  repair,  non-liability 
to  prime,  tubes  easily 
brushed  out,  and  the 
feet,  that  any  sediment 
which  may  collect  in  the 
central  fire-box  tube  can 
be  quickly  removed  by 
simply  opening  a  blow- 
off  cock  fitted  on  the 
outside  shell  to  which 
is  attached  an  external 
syphon  pipe,  are  several 
of  the  advantages  claim- 
ed for  this  arrangement. 
Further,  no  fire-brick  de- 
flectors or  internal  linings 
are  used,  neither  is  the 
shell  weakened  by 
cutting  it  away  to  admit 
the  tubes,  nor  bolted  to- 
gether  by  flanges,  while  g, 
the  centre  of  gravity  of 
the  whole  boiler  is  kept  as 
low  as  possible  to  insure 
stability  in  the  small 
vessels  for  which  it  is 
adapted.  The  whole 
boiler  is  made  of  Siemens- 
Martin  steeL 


Shanks'  Vertical  Marine  Boiler  fob 
Launches,  Yachts,  and  Small  Tugs. 
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Lscturk  XXVIIL— Questions, 

1.  Enumerate  the  different  classes  of  marine  boilers  at  present  in 
general  use,  and  describe  briefly  their  distinctive  features.  Give  freehand 
sketches  of  each  of  these  types,  and  state  the  maximum  pressures  at  which 
they  are  worked.  Why  has  the  rectangular  boiler  been  given  up,  and 
what  two  forms  of  rectangular  boilers  were  in  use  30  years  ago? 

2.  Describe  the  construction  of  a  marine  boiler  with  four  furnaces  of 
modern  type  for  high  pressure  steam.  Sketch  a  cross  and  a  longitudinal 
section,  showing  the  water  spaces,  with  a  complete  index  of  the  various 

Sarts.     How  are  the  flat  surfaces  stayed?    Enumerate  all  the  principal 
ttings. 

3.  Describe  the  construction  of,  and  sketch  both  in  transverse  and 
longitudinal  section,  a  marine  boiler.  Mention  some  of  the  causes  to  which 
a  loss  of  heat  may  be  attributed  when  the  boiler  is  in  operation. 

4.  Sketch  and  describe  by  an  index  of  parts  a  cylindrical  high-pressure 
marine  boiler  with  two  furnaces,  showing  the  mode  of  construction  and 
staying,  and  describe  the  several  processes  employed  in  its  construction 
from  the  commencement  until  its  completion  in  tne  shop. 

5.  Sketch  and  describe  clearly  how  the  furnace  tube  of  a  cylindrical 
marine  boiler  is  constructed,  and  how  it  is  attached  to  the  combustion 
chamber  and  front  end  plates,  and  also  how  expansion  is  allowed  for. 

6.  Give  a  freehand  sketch  of  a  marine  engine  ooiler,  with  all  the  necessary 
fittings  in  their  relative  positions ;  name  them  and  their  respective  uses. 

7.  Sketch  and  describe  by  an  index  of  parts  Shanks'  small  vertical 
marine  boiler  for  steam  launches  or  small  tugs. 

8.  Describe,  with  sketches,  the  general    construction  of  a  boiler  for 
generating  steam  at  a  high  pressure,  selecting  that  one  of  the  three  (land, 
marine,  or  locomotive)  with  which  you  are  most  familiar.     {Adv.  8.  and  A 
Exam.t  1887.) 
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LECTURE  XXIX. 
BOILER   CONSTRUCTION. 

Contents.— Materials  used  in  Boiler  Construction— Wroujrtt-Iron,  Steel, 
Copper— Joints  of  Boiler  Plates,  Riveted  Joints,  ranching  and 
Drilling,  Hand  and  Machine  Riveting,  Caulking,  Welded  Joints — 
Methods  of  Connecting  the  parts  of  the  Shell,  and  Fines — Staying  of 
Boilers— Strength  of  Boiler  Shells-— Strength  of  Fines— Strengthening 
Hoops  for  Flues — Corrugated  Furnaces. 

Materials  used  in  Boiler  Construction.— The  earliest  forms  of 
steam  boilers  were  constructed  chiefly  of  cast-iron,  but  on 
account  of  the  low  tensile  strength  of  this  material  and  its 
unreliable  nature  when  subjected  to  the  variable  temperature 
and  stresses  in  a  steam  boiler  it  has  been  abandoned  for  many 
years,  except  for  certain  parts  of  water-tube  boilers,  such  as  in 
those  of  Babcock  and  Wilcox,  illustrated  in  Lecture  XXVII. 

Wrought-iron. — Until  the  recent  introduction  of  mild,  soft 
steel,  wrought-iron  was  the  material  which  was  almost  exclu- 
sively employed  for  the  construction  of  steam  boilers.  Wrought- 
iron  possesses  great  tenacity,  combined  with  the  important 
qualities  of  toughness  and  ductility.  It  is  therefore  well  adapted 
to  resist  sudden  strains  and  alterations  of  temperature,  and  does 
not  give  way  suddenly  or  without  warning.  Also,  its  capability 
of  being  welded,  forged,  and  flanged,  adds  to  its  value  as  a 
material  for  boiler  construction ;  whilst  it  is  a  matter  of  impor- 
tance that  its  strength  is  not  influenced  to  any  appreciable  extent 
by  a  moderately  large  increase  in  temperature,  such  as  high- 
pressure  boilers  are  subjected  to  under  ordinary  circumstances. 

The  average  ultimate  tensile  strength  of  wrought-iron  bars 
may  be  taken  at  22  tons  (or  about  50,000  lbs.)  per  square  inch ; 
the  tensile  strength  of  the  best  quality  of  bar  iron  being  about 
25  tons  (56,000  lbs.)  per  square  inch.  The  average  tensile 
strength  of  wrought-iron  plates  as  used  for  boilers,  is — 

With  the  grain  ■»  21  tons  f47,040  lbs.)  per  square  inch. 
Across  „      „      =  19    „     (42,560  „  )   „        „        „ 

The  plates  used  in  boiler-making  should  all  be  of  good  quality; 
inferior  plates  give  great  trouble  and  are  always  unsatisfactory. 
The  plates  require  to  pass  through  some  of  the  various  processes 
of  flanging,  dishing,  welding,  punching  and  rolling  cold  and  in 
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dealing  with  inferior  plates  the  greatest  care  must  be  exercised 
by  the  workmen  to  prevent  them  from  injury  before  they  are 
fitted  into  the  boiler. 


Fractured  longitudinal  joint  in  a  new  boiler  from  the  use  of  a  brittle  iron 
plate.  Norwich  explosion,  25th  September,  1866.  The  plates  were  of 
Cleveland  iron,  and  when  tested  by  bending,  broke  off  short.  They  were 
quite  wanting  in  ductility. 

Only  a  very  good  quality  of  plate  will  stand  flanging  with 
impunity;  and  where  joints  have  to  be  welded,  satisfactory  work 
cannot  be  obtained  with  an  inferior  plate  which  is  wanting  in 
ductility.  Many  inferior  plates  have  a  high  tensile  strength, 
but  are  brittle  and  do  not  possess  that  toughness  and  ductility 
which  are  essential  qualities  when  much  forging  has  to  be  done. 
The  plates  of  the  furnace  flues  are  the  most  important,  since 
these  are  more  severely  taxed  by  variations  of  temperature 
(causing  sudden  expansions  and  contractions),  than  any  other 
plates  in  the  boiler.  The  plates  of  the  furnace  crowns  are 
alternately  in  contact  with  the  fierce  hot  flames  from  the  fire,  and 
the  currents  of  cold  air  which  rush  into  the  furnace  each  time  the 
firing  door  is  opened.  The  constant  straining  of  the  plates  which 
is  thus  induced  is  very  trying,  and  none  but  plates  of  very  good 
quality  will  stand  it  for  a  great  length  of  time.  The  various 
brands  put  upon  plates,  such  as  Best,  and  Best  Best,  &a,  are  very 
misleading,  the  "  treble  Best "  plates  of  one  maker  being  no 
better  in  some  cases  than  the  "Best"  plates  of  another.  It  is 
only  by  the  use  of  efficient  testing  machines,  careful  chemical  and 
microscopical  analysis,  that  a  thorough  knowledge  of  the  capabili- 
ties and  nature  of  a  given  quality  of  plate  can  be  ascertained. 

Steel. — This  material  has  come  into  use  very  largely  for  boiler 
plates  within  the  last  few  years,  owing  to  the  valuable  properties 
it  possesses  when  manufactured  in  the  mild  form.  Mild  steel 
boiler  plates  containing  about  0*1  per  cent,  of  carbon  are  now 
manufactured  by  the  Bessemer,  Siemens  and  basic  (Thomas- 
Gilchrist)  processes,  and  have  an  ultimate  tensile  strength  of  from 
25  to  30  tons  per  square  inch,  with  an  elongation  in  test  strips 
(8  inches  long)  of  from  20  to  25  per  cent     Steel  plates  with  a 
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higher  tensile  strength  than  this,  are  usually  too  hard  and  brittle 
for  boiler-making  purposes.  Owing  to  the  greater  tensile  strength 
of  steel,  boilers  made  of  that  material  are  much  lighter  than 
when  made  of  iron,  and  the  plates  being  thinner,  the  joints  are 
more  easily  made  tight.  Good  mild  boiler  steel  plates  also  possess 
a  ductility  superior  to  wrought-iron,  and  are  therefore  more 
suitable  where  flanging  has  to  be  done.  They  can  be  treated 
whether  cold  or  hot  by  experienced  workmen  with  the  same 
freedom  and  usage  as  applied  to  malleable  iron  plates,  except  to 
a  small  extent  in  the  case  of  welding,  for  the  steel  plates  do  not 
weld  quite  so  freely  as  iron  ones,  and  the  welds  are  not  so  trust- 
worthy. Steel  scrap,  however,  welds  into  blooms  quite  as  freely 
as  wrought-iron  scrap,  and  the  forgings  are  generally  superior. 

There  have  been  a  few  cases  of  the  failure  of  boilers  con* 
structed  of  steel,  the  plates  of  which  had  been  tested  before 
they  were  used  and  found  to  be  of  a  good  quality.  These  failures 
have  engendered  in  the  minds  of  some  engineers  a  certain  amount 
of  distrust  of  this  material.  Steel  plates  are  undoubtedly  more 
severely  injured  by  punching  than  iron  plates,  and  should  always 
be  annealed  afterwards.  Much  of  the  distrust  which  has  been 
felt  in  the  use  of  steel  for  boilermaking  has  been  caused  by  the 
use  of  plates  quite  unsuitable  for  that  purpose,  and  their  subse- 
quent failure.  Engineers  have  in  many  cases  been  too  anxious 
to  avail  themselves  of  the  high  tensile  strength  of  steel,  forgetting 
that  in  so  doing  they  are  sacrificing  the  all-important  quality  of 
ductility.  Steel  is  undoubtedly  superior  to  iron  as  a  material  of 
construction  for  steam  boilers,  but  great  attention  and  care  must 
be  paid  to  its  special  properties  and  the  methods  of  manipulation 
most  suitable  for  it.  Plates  of  a  very  mild  nature,  possessing 
moderately  high  tensile  strength  but  great  ductility,  should 
invariably  be  used.  Of  all  the  tests  applied  to  steel  plates  the 
bending  test  is  the  most  valuable. 

Copper. — Occasionally,  copper  has  been  used  for  boilermaking, 
although  chiefly  for  small  boilers.  It  is  a  much  better  conductor 
of  heat  than  iron  or  steel,  the  ratio  of  the  conductivities  of  copper 
and  iron  being  expressed  approximately  by  the  numbers  74  to  12. 
It  wears  better  under  the  intense  heat  of  the  furnace,  and  gives 
a  higher  evaporative  efficiency.     It  has  also  the  advantage 


*  See  paper  on  "Injurious  Effects  of  a  Blue  heat  on  Iron  and  Steel "  by 
Mr.  Stromeyer,  read  before  the  Institution  of  Civil  Engineers.  Vol.  lxxsiv. 
of  Proceedings.  See  also  "  General  Remarks  on  Steel  Boilers  "  by  Thomas 
Trail,  in  his  Pocket-Book  on  Boilers,  Published  by  Charles  Griffin  &  Co.. 
London,  188& 
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of  resisting  oxidation,  or  corrosion  from  the  feed  water.  It  is 
very  ductile  and  malleable,  and  can  therefore  be  worked  with 
great  ease,  and  will  stand  a  considerable  amount  of  straining 
action.  It  has,  however,  one  great  disadvantage — viz.,  its  strength 
decreases  to  a  large  extent  with  an  increase  of  temperature. 
At  32°  Fah.  its  tensile  strength  is,  on  the  average,  15  tons  per 
square  inch,  but  at  550°  Fah.  its  tensile  strength  is  reduced  to 
about  75  per  cent.,  and  at  850°  Fah.  to  50  per  cent,  of  this  value. 
On  account  of  this  inferior  strength  and  the  high  price  of  copper, 
its  use  for  boiler  making  has  been  entirely  given  up,  except  for 
locomotive  fire-boxes  and  stays. 

Joints  of  Boiler  Plates.-— The  joints  in  boiler  shells  and  flues 
are  formed  either  by  riveting  or  welding. 

Riveted  Joints. — These  are  of  various  forms  and  strengths,  but 
they  may  all  be  classified  into,  (1)  lap-joints,  (2)  butt-joints. 

The  next  set  of  diagrams,  Nos.  1  and  2,  show  a  single-riveted 
lap  joint.  This  is  the  simplest  but  least  efficient  form  of  joint, 
and  is  only  employed  where  great  strength  is  not  required. 

A  joint  of  this  kind  may  be  fractured  in  four  different 
ways. 

(1.)  By  the  shearing  of  the  rivets  between  the  plates. 

(2.)  By  the  tearing  of  the  plates  along  the  line  of  rivet  holes. 
*(3.)  By  the  crushing  of  the  plate  between  its  edge  and  the 
rivet  holes,  causing  the  metal  between  the  edge  of  the  plate  and 
the  rivet,  to  be  forced  out. 

(4.)  By  the  breaking  of  the  plate  between  the  rivet  hole  and 
the  edge,  in  a  line  at  right  angles  to  the  edge. 

Another  resistance  must  also  be  overcome  before  fracture 
takes  place,  viz.,  the  frictional  resistance  of  the  plates. t  The 
contraction  of  the  rivets  in  cooling,  compresses  the  plates  so 

*  The  third  method  of  fracture  cannot  be  avoided  by  giving  lap  to  the 
plates,  \f  the  surface  of  the  holes  in  the  plate  which  takes  the  pull  of  the 
rivet  is  too  small.  In  this  case,  the  surface  will  be  crushed,  however  large 
the  lap  of  the  plate  is.  This  determines  the  diameter  of  the  largest  rivet 
that  can  be  used  for  a  given  thickness  of  plate. 

t  The  rivet  must  not  be  so  small  that  it  is  unable  to  draw  the  plates 
firmly  together,  for  if  it  is,  the  joint  is  unsatisfactory,  and  the  rivet  is  under 
such  great  tension  that  the  Head  is  apt  to  fly  off  when  it  cools,  or  after- 
wards, when  the  plate  is  being  caulked.  The  plates  should  be  pressed  so 
tightly  together  when  riveting  takes  place,  ana  even  until  the  rivet  and 
the  immediately  surrounding  part  of  the  plate  have  been  cooled,  that  the 
frictional  resistance  between  the  plates  is  sufficient  to  prevent  them  slipping 
over  each  other  to  the  minutest  extent  due  to  the  maximum  stresses  Likely 
to  occur.  Some  makers  apply  cold  water  to  the  plates,  close  to  the  rivets, 
when  they  are  being  riveted  up,  in  order  to  secure  this  desirable  object 
with  a  saving  of  time  and  money. 
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tightly  together,  that  a  considerable  frictional  resistance  is  set 
up,  which  aids  in  preventing  the  plates  from  sliding  over  one 
another.  The  amount  of  this  friction,  however,  is  entirely 
dependent  on  the  temperature  at  which  the  rivet  is  put  in,  and 
the  tightness  of  the  joint  when  the  head  is  formed,  and  as  it 
cannot  therefore  be  calculated  with  any  degree  of  accuracy  it 
is  usually  neglected,  in  estimating  the  strength  of  a  joint. 
To  find  the  best  proportions  for  a  riveted  joint. 

Let  t  =  The  thickness  of  the  plates  in  inches. 
d  =     „    diameter  of  the  rivets  „       „ 

a  =     „    area  of  the  rivets  in  square  inches  =  *  r*  =  -  d* 

p  =     „    pitch  of  the  rivets  in  inches. 
S,  =     „    shearing  strength  of  the  rivets  per  square  inch. 
S,  =»     „    tensile  „  „    „    plates  „         „         „ 

Consider  the  strength  of  a  jointed  strip  of  plate  of  breadth 
=  p.  Then  the  best  proportion  will  be  obtained  when  the 
tearing  resistance  of  the  plates  =  the  shearing  resistance  of  the 
rivets. 

(p-^xS,  =  oxS,, 

The  shearing  strength  of  rivet  iron  is  usually  about  equal  to 
the  tensile  strength  of  plate  iron,  therefore,  we  have 

/  r\  *  a  +  dt       a        . 

(p  -  d)t  =  a;  r.p  -  — - —  =  -  +  d. 

The  following  relation  between  the  diameter  of  the  rivets  and 
the  thickness  of  the  plates  is  given  by  Prof  TJnwin, 

d  =  1-2  Jt,  which  gives  a  very  good  proportion. 

The  following  table  and  sketches  (from  Smart  on  "  Steam-boilers,"  see  foot- 
note,  page  322),  show  examples  of  several  of  the  best  types  of  riveted  joints 
in  use  in  modern  practice.  In  calculating  the  strength  of  the  joints  the 
tensile  strength  of  the  steel  plates  has  been  taken  at  28  tons  per  square  inch  ; 
the  shearing-stress  of  the  steel  rivets  at  23  tons  per  square  inch,  and  that  of 
the  iron  rivets  at  18  tons  per  square  inch.  In  all  the  examples  shown  the 
shearing  stress  of  the  rivets  is  in  excess  of  the  tensile  strength  of  the  metal 
left  between  the  rivet-holes,  and  it  has  been  found  that  a  considerable 
excess  in  this  direction  adds  to  the  strength  of  the  joint,  and  at  the  same 
time  renders  it  more  easily  made  and  kept  tight.  As  the  steel  plates  have 
all  been  either  drilled,  or  punched  and  afterwards  annealed,  no  allowance 
for  reduction  of  the  strength  of  the  metal  left  between  the  rivet-holes  has 
been  made ;  nor  has  any  accession  of  strength  been  allowed  for  in  those 
cases  in  which  the  holes  have  been  drilled  through  the  solid  plates,  although 
the  strength  of  the  metal  left  between  the  holes,  at  least  in  those  joints 
with  a  moderately  close  pitch  of  rivets,  will  be  somewhat  increased. 
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These  figures,  as  well  as  those  on  pp.  335,  339,  348,  and  349,  have  been 
'ion  of  the  Council  of  the  Institution  of  Civil 
Paper  on  "Steam  Boilers."   See  vol  lxxx. 


supplied  by  the  kind  permission  of  the  Council  of  the  Institution  of  Civil 
Engineers,  from  Mr.  Smart's  Papei 
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334  LECTURE   XXIX. 

The  fracture  of  the  plates  by  methods  (3)  and  (4)  depends 
upon  the  distance  between  the  edge  of  the  hole  and  the  edge  of 
the  plate.  If  the  lap  of  the  plates  be  made  from  3*2  times  the 
diameter  of  the  rivets  when  these  are  less  than  1  inch  diameter, 
to  3  times  the  diameter  of  the  rivets  when  these  are  greater  than 
1  inch  diameter,  the  joint  will  be  equally  strong  to  resist  fracture 
in  those  two  ways.  If  the  lap  is  made  more  than  this,  there  is 
difficulty  in  caulking  since  the  plate  springs. 

Lap  joints  may  be  single,  double,  or  triple  riveted.  A 
double-riveted  lap  joint  is  shown  at  figure  No.  3  in  the  last 
diagram.  In  this  joint  there  are  two  rows  of  rivets,  and  their 
pitch  may  be  found  in  the  same  way  as  before. 

Tearing  resistance  of  plates  =  shearing  resistance  of  rivets. 

In  this  case,  a  strip  of  the  jointed  plate  of  breadth  =  p,  has 
two  rivets  in  it 

,\  (p  -  d)t  x  S,  =  2  a  x  S. 

or  (p  -  d)  t  =  2  a 

2a        . 
.-.*-—  +  * 

When  two  plates  which  are  lap  jointed  are  subjected  to  a 
tensional  stress  acting  at  right  angles  to  the  joint,  the  plates 
tend  to  draw  into  line,  and  bending  takes  place  at  points 
opposite  the  edges  of  the  overlapping  plates.  In  a  lap  joint 
in  this  position,  and  subject  to  varying  stress,  there  is  a 
constant  bending  and  straining  motion  going  on  about  these 
points.  These  points,  therefore,  become  particularly  vulnerable 
to  the  corrosive  action  of  the  water  in  a  boiler,  and  in  the  lap 
joints  of  a  boiler  which  has  been  long  at  work,  the  inside  of  the 
plates  is  often  found  to  be  corroded  or  eaten  away  in  a  line 
parallel  to  the  joint,  and  just  at  the  beginning  of  the  lap.  This 
corrosive  action,  in  time,  greatly  reduces  the  strength  of  the 
plate,  especially  if  impure  feed  water  be  used,  and  it  is  known 
as  grooving,  furrowing  or  guttering,  on  account  of  the  deep 
groove,  furrow  or  gutter  which  is  eaten  out  of  the  plate  at  this 
special  point.  The  action  is  due,  partly  to  the  mechanical 
motion  of  the  joint,  and  partly  to  the  chemical  action  of  the 
feed  water.  In  lap  joints  with  thick  plates,  this  bending  action 
is  greatest  Such  joints  have  therefore  a  less  percentage  of  the 
strength  of  a  solid  plate  when  made  of  thick  than  of  thin  plates. 

Fig.  No.  5  in  the  last  diagram  shows  a  double-riveted  butt  joint. 
In  this  joint  the  plates  are  in  line,  being  placed  edge  to  edge,  and 
the  connection  is  made  with  single,  or  double-cover  plates.  These 
joints  are  variously  made — viz.,  single,  double,  and  triple  riveted. 
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They  have  the  same  proportions  as  to  pitch  and  diameter  of 
rivets  as  lap  joints.  When  a  single-cover  plate  is  used,  the 
bending  action  is  not  altogether  avoided,  but  with  double-cover 
plates  there  is  no  tendency  to  bend,  so  that  this  injurious  action 
may  be  entirely  prevented  by  the  use  of  the  butt  joint.  When 
double-cover  plates  are  used,  the  rivets  are  placed  in  double 
shear,  t.c,  they  must  be  cut  through  in  two  planes  before  the 
joint  can  give  way.  The  butt  joint  with  double-cover  plates  is 
the  most  efficient  form  of  riveted  joint,  but  it  is  also  the  most 
expensive.  As  compared  with  a  lap  joint,  double  the  number  ef 
rivets  require  to  be  put  in,  and  more  than  double  the  number  of 
holes  have  to  be  punched  or  drilled. 

In  practice,  double  riveting  is  done  in  either  of  two  ways.  In 
the  last  figure  referred  to,  viz.,  No.  5,  the  rivets  in  one  row  are 
placed  opposite  the  spaces  between  the  rivets  of  the  other  row. 
This  method  of  riveting  is  known  as  zig-zag  riveting.  In  the 
following  figure, 
the  method  known 
as  cfiain  riveting, 
in  which  the  rivets 
are  placed  imme- 
diately opposite 
each  other,  is 
shown.  Zig-zag 
riveting  requires 
less  lap  than  chain 
riveting,  and  also 
makes  a  tighter 
joint,  but  the  plates 
are  not  so  strong, 
especially  if  the 
holes  are  punched. 
Owing       to      the 

greater  strength  of  the  chain-riveted  joint,  it  is  coming  more 
into  use  than  heretofore. 

The  following  table,  copied  from  Sir  John  Anderson's 
Strength  of  Materials,  gives  the  relative  strengths  possessed 
by  different  forms  of  riveted  joints.  The  strength  of  the  solid 
plate  is  taken  as  100,  and  it  will  be  noticed,  as  we  would 
naturally  expect,  that  even  the  best  of  these  joints  falls  far  short 
of  the  solid  plate  in  strength : — 
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Riveted    Joints. 


Description  of  Job* 

Btotln*. 

Bitot  Hole* 

PBUMBtegO   Of 

Strength  of  the 

SoRd  Plate 

Potoenod  by  the 

Joint. 

Lap,  .... 
Lap,  .... 
Butt,  1  cover,     . 
Butt,  1  cover,     . 
Butt,  2  covers,   . 
Butt,  2  covers,  • 

Single, 

Double, 

Single, 

Double, 

Single, 

Double, 

/  Punched,    . 
1  Drilled, 
J  Punched,    . 
1  Drilled,       . 
J  Punched,     . 
1  Drilled,       . 
j  Punched,    . 
1  Drilled,       . 
j  Punched,    . 
1  Drilled,       . 
J  Punched,    . 
\  Drilled,       . 

55 
62 
69 
75 
55 
62 
69 
75 
57 
67 
72 
79 

The  student  will  see  from  this  table  that  the  single-riveted 
lap  joint  is  the  weakest  form ;  also,  that  butt  joints  with  single- 
cover  plates,  are  not  any  stronger  than  lap  joints,  but,  when 
double-cover  plates  are  used,  the  percentage  of  plate  strength  is 
rather  greater  than  that  of  lap  joints. 

Single-riveted  lap  joints  are  used  for  the  circumferential  joints 
of  land  boilers,  up  to  about  5  ft.  diameter,  and  working  with  a 
steam  pressure  of  not  more  than  60  lbs.  per  square  inch.  Double- 
riveted  lap  joints  are  used  for  the  circumferential  joints  of  marine 
boilers,  and  for  the  longitudinal  joints  of  land  boilers  of  small 
diameter.  Triple  riveting,  either  in  the  form  of  lap  or  of  butt 
joints,  is  used  for  the  circumferential  seams  of  marine  boilers  of 
large  diameter  and  working  at  high  pressures. 

Punching  and  Drilling. — The  holes  in  the  plates  of  riveted 
joints  are  either  punched  or  drilled.  Each  method  offers  some 
advantage  which  is  not  to  be  found  in  the  other.  The  main 
objection  to  punching  the  holes  is,  that  damage  is  done  to  the 
plate  by  the  process.  The  extent  to  which  a  plate  suffers  from 
punching  depends  upon  its  quality.  The  injury  done  by  punch 
ing  to  good  tough  ductile  plates  is  very  trifling,  but  when  the 
plates  are  of  a  hard  steely  nature,  their  strength  may  be  seriously 
impaired  by  the  process.  Mild  steel  plates  stand  punching  very 
well,  but,  if  the  plates  are  at  all  hard,  they  may  be  considerably 
injured,  even  to  the  extent  of  a  loss  of  tenacity  of  30  per  cent. 
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For  this  reason,  it  is  usual  to  anneal  steel  plates  which  have 
been  punched;  after  which,  they  are  found  to  regain  their 
original  strength  and  properties.  If  the  plates  are  not  punched 
very  carefully,  it  is  often  found,  on  putting  them  together,  that 
the  holes  do  not  correspond.  In  order  to  admit  the  rivets,  and 
bring  the  holes  as  nearly  fair  as  possible,  drifting  is  sometimes 
resorted  to.  This  reprehensible  practice  is  very  injurious  to  the 
plates.  It  consists  in  driving  a  round  tapered  steel  pin  (known 
as.  a  "  drift")  into  the  hole,  in  order  to  remove  the  obstruction. 
When  the  holes  do  not  quite  coincide,  a  drill  should  be  run 
through  themy  and,  if  necessary,  a  larger  rivet  used,  but  drifting' 
s/umld  never  be  allowed.  In  order  to  obtain  perfect  agreement 
of  the  rivet  holes,  some  boilermakers  punch  the  holes  rather 
less  in  diameter  than  the  size  of  the  rivet,  and  when  the  plate* 
are  put  together,  they  are  then  rimered  out  to  the  full  size. 

When  the  plates  are  drilled  separately,  it  cannot  be  said  that 
the  holes  correspond  much  better  than  when  the  plates  are 
punched,  and  no  advantage  in  this  respect  can  be  claimed  for 
drilled  holes.  The  only  way  to  ensure  absolute  coincidence  of  the- 
holes  in  the  different  plates,  is  to  have  the  plates  drilled  when 
fixed  in  position.  A  number  of  boiler  drilling  machines  are  now 
in  use,  which  effect  this  object.  The  shell  plates,  after  they  have 
been  bent,  are  fixed  together  by  service  bolts,  and  the  part  of  the 
shell  so  formed  is  placed  upon  a  turning-table  or  some  other 
arrangement  for  moving  the  shell  round  in  front  of  the  drills. 
There  are  usually  two  or  more  drills  which  operate  simul- 
taneously, all  round  the  outside  of  the  boiler  shell,  and  these 
pierce-  through  two  or  more  thicknesses  of  plate.  When  each 
set  of  holes  has  been  bored  the  turning  arrangement  moves 
the  boiler  shell  through  a  distance  equal  to  the  pitch  of  the- 
rivets,  and  the  drills  then  proceed  with  the  next  set  of  holes. 
With  an  efficient  machine  of  this  kind  the  extra  expense  of  drilling 
over  that  of  punching  the  holes,  is  very  trifling. 

The  holes  formed  by  punching  are  necessarily  tapered,  since- 
the  hole  in  the  die-block  is  always  a  little  larger  than  the  punch,, 
and  when  the  plates  are  put  together  the  small  ends  of  the  holes- 
are  placed  inside  the  joint,  and  the  larger  ends  outside.  By  this 
arrangement,  when  the  rivets  are  forced  into  the  holes  they  hold 
the  plates  more  firmly,  and  make  a  much  tighter  joint,  than 
with  the  parallel  holes  of  drilled  plates ;  and,  even  although  the 
rivet  heads  should  be  knocked  off,  the  rivets  would  still  retain 
a  firm  hold  on  the  plates.  The  edges  of  drilled  holes  are  sharp, 
and  exercise  a  cutting  action  on  the  rivet,  and  it  is  found  that 
increased  strength  is  obtained  by  slightly  counter-sinking  the 
holes,  but  this  adds  considerably  to  the  expense.     This  cutting 
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action  is  not  experienced  when  the  holes  are  punched,  for  the 
outer  edge  of  a  punched  hole  is  not  so  sharply  defined  as  a 
drilled  hole.  It  has  been  found  by  experiment  that  when  the 
plates  are  punched,  the  rivets  are  stronger,  but  the  plates  are 
weakened  to  a  greater  extent.  Hence,  as  will  be  seen  from  the 
table  on  page  336,  joints  made  with  drilled  holes  are  rather 
stronger  than  those  in  which  the  rivet  holes  have  been 
punched. 

Hand  and  Machine  Riveting. — Formerly,  all  the  joints  of  boilers 
were  riveted  by  hand,  but  machine  riveting  is  now  used  for  all 
the  joints  to  which  a  machine  can  be  applied.  The  work  done 
by  good  riveting  machines  is  much  superior  in  strength  to  hand 
work,  and  can  be  done  much  more  expeditiously.  The  hydraulic 
riveting  machine  is  the  one  which  is  most  used  at  the  present 
time,  and  seems  to  be  the  most  suitable  for  the  work.  In  riveting 
by  hand,  the  blows  are  so  sudden,  that  the  part  of  the  rivet  struck 
by  the  hammer  absorbs  nearly  the  whole  energy  of  the  blow,  and 
the  formation  of  a  shoulder  commences  before  the  hole  is  properly 
filled.  In  machine  riveting,  on  the  other  hand,  the  pressure 
comes  gradually  on  the  whole  body  of  rivet,  and  compresses 
it  fully  into  the  hole  before  forming  a  head  at  all ;  the  joint  is 
therefore  much  more  secure.  Before  riveting  a  joint,  care  should 
be  taken  to  have  the  .plates  drawn  closely  together,  or  the  com- 
pression of  the  body  of  the  rivet  into  the  hole  may  cause  a  slight 
shoulder  to  be  formed  between  the  plates,  and  this  prevents  the 
closing  of  the  joint. 

We  have  seen  from  the  table  on  page  336,  that  riveted  joints 
are  very  much  weaker  than  a  parallel  section  of  the  solid  plate, 
even  a  double-riveted  butt-joint  with  double-cover  plates  only 
gives  79  per  cent,  of  the  plate  strength.  This  is  a  very  serious 
loss  of  strength,  and  various  attempts  have  been  made  to  bring 
up  the  strength  of  the  joint  to  that  of  the  solid  plate.  With 
this  object  in  view,  Sir  Wm.  Fairbairn  patented  a  process  of 
rolling  plates  with  thickened  edges,  so  that,  after  the  holes  were 
punched  and  the  plates  riveted,  the  sectional  area  of  the  plate 
between  the  rivets,  would  be  equal  to  that  of  the  solid  plate. 
This  plan,  however,  has  never  been  adopted  in  practice,  probably 
on  the  ground  of  expense. 

A  proposal  has  also  been  made  to  make  the  rivets  of  an 
elliptical  section,  so  that  by  keeping  the  same  pitch  for  the  same 
sectional  area  of  rivets  there  would  be  greater  breadth  of  plate 
between  the  rivet  holes,  than  when  round  rivets  are  used.  Thus, 
if  instead  of  using  round  rivets  1  inch  diameter,  rivets  of  equal 
area  with  flat  sides  (say  1 J  inch  x  |inch)  are  used,  and  are  fixed 
in  position  with  the  fiat  sides  parallel,  there  is  a  gain  in  the 
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breadth  of  the  plate  between  the  rivet  holes  of  J  inch.  There 
are  many  objections,  however,  to  this  form  of  rivet,  and  it  has 
not  yet  come  into  use. 

Caulking. — In  order  that  the  riveted  joints  of  boilers  may 
be  absolutely  steam  and  water  tight,  they  usually  require  to  be 
caulked.  This  consists  in  burring  down  the  edges  of  the  plates 
with  a  tool  somewhat  like  a  chisel,  but  flat  on  the  end  (see  tig.  2). 
Caulking,  whilst  indenting  down 
the  extreme  edge  of  the  lap,  is 
liable  to  open  the  plates  between 
the  extreme  edge  and  the  point 

where  they  are  held  by  the  rivet-  _.     ,    ,a         ,N„. 

heads.  For  this  reason,  many  F.g.1.  (Scale  »  Fig. 
engineers  have  given  up  the  use  of  the  caulking  tool,  and  prefer  to 
use  only  the  fullering  tool. — See  fig  1.  Caulking  or  fullering  is 
greatly  facilitated  if  the  plates  are  planed  on  the  edges  with  a  slight 
bevel,  and  that  is  now  done  in  the  best  boiler  practice.  The  caulk- 
ing tool  recommended  by  Mr.  "Webb, 
Locomotive  Superintendent  of  the  lj      (Scale  I) 

London  &  North-Western  Railway,  ^™^« 
and  used  in  the  works  of  that 
Railway  Company  at  Crewe,  is 
shown  in  the  accompanying  diagram, 
by  which  damage  to  the  plates  is 
prevented  and  the  surfaces  driven  Webb's  Caulking  Tool. 
into  close  contact. 

Welded  Joints. — In  recent  years  welded  joints  have  been 
introduced  for  boiler  shells,  but  have  not  met  with  much  favour. 
All  chances  of  leakage  are  avoided  by  welding  the  joints,  and  the 
external  corrosion  which  results  from  leakage  is  therefore  pre- 
vented. If  the  joint  is  sound,  it  is  stronger  than  any  of  the 
forms  of  riveted  joint,  but  its  soundness  is  always  a  matter  of 
uncertainty.  The  strength  of  a  riveted  joint  can  be  known  with 
a  considerable  degree  of  accuracy,  but  the  strength  of  a  welded 
joint  depends  entirely  on  the  skill  and  care  of  the  workmen,  and 
it  is  not  always  easy  to  decide  from  the  external  appearance 
whether  or  not  the  weld  is  sound.  "Welded  joints,  however,  are 
very  serviceable  for  furnace  tubes  and  locomotive  steam  domes,  <fcc., 
and  are  in  general  use  for  those  purposes,  but  they  have  not  been 
adopted  to  any  great  extent  for  boiler  shells. 

Methods  of  connecting  the  Parts  of  the  Shell  and  Flues.— The 
boiler  shell  is  composed  of  rings  of  plating  from  three  to  four 
feet  six  inches  in  width,  rolled  with  the  grain  running  circum- 
ferentially.  These  rings  are  connected  to  each  other  at  their 
edges  by  lap  or  butt  joints.     The  flat  end  plates  are  connected  to 
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the  shell  in  various  ways ;  the  following  diagram  shows  the  three 
methods  that  are  most  common  in  practice. 


Figs.  1  and  2  show  the  method  of  attachment  by  riveting 
angle  irons  to  the  shell  and  then  riveting  the  end  plate  to  those 
angle  irons.  In  fig.  1,  the  angle  iron  is  attached  outside,  and  in 
fig.  2,  inside  the  shell.  These  two  methods  are  largely  used  in 
land  boilers,  notably  Lancashire  and  Cornish  boilers.  The 
attachment  by  outside  angle  irons  admits  of  more  springing  of 
the  end  plates,  and  gives  more  room  for  mountings,  Ac.,  on 
the  front  end  of  the  boiler.  The  outside  angle  irons  are  prefer- 
able when  the  space  between  the  flue  tubes  and  the  shell  plates 
does  not  exceed  5  or  6  inches,  owing  to  the  greater  freedom 
allowed  by  them  for  the  longitudinal  expansion  of  the  flue.  A  very 
common  arrangement  in  land  boilers  is  to  attach  the  front  end 
plate  by  outside  angle  irons,  and  the  back  end  plate  by  inside 
angle  irons. 

Fig.  3  shows  the  method  of  flanging  the  end  plate  and  then 
riveting  it  to  the  shell  plates  by  an  ordinary  lap  joint.  This  is 
the  form  most  generally  used  in  marine  practice,  and  now  also 
to  a  large  extent  for  land  boilers.  It  forms  the  best  and  simplest 
form  of  joint,  but  of  course  the  end  plate  must  be  of  thoroughly 
good  quality  in  order  to  stand  the  flanging.  When  the  end  plate 
is  attached  by  angle  irons  to  the  shell,  the  constant  springing 
which  goes  on,  due  to  the  expansion  and  contraction  of  the 
furnace  flues,  is  liable  to  cause  grooving  of  the  end  plates  close  to 
the  edge  of  the  angle  iron :  but  when  the  end  plates  are  flanged, 
the  bending  is  spread  over  the  curvature  at  the  root  of  the  flange, 
and  is  not  concentrated  upon  any  particular  point,  consequently 
grooving  is  prevented  to  a  great  extent. 

There  are  other  methods  of  attaching  the  flat  end  plates  to  the 
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shell,  such  as  flanging  the  end  plates  outwards,  instead  of  inwards 

as  shown,  or  fitting  angle  irons  outside  instead 

of  inside  the  end  plate,  but  these  are  not  in 

such  general  use,  and  the  only  advantage  they 

possess  is,   that  the   joint  may   be   riveted 

wholly  by  machinery. 

Mue  Attachment. — The  methods  of  attaching 
the  flues  to  the  end  plates  are  very  similar  to 
those  already  described  for  fixing  the  shell  to 
the  end  plates.  Two  of  those  in  common  use 
are  shown  in  the  diagram  at  the  side.  In  one 
arrangement,  an  angle  iron  is  used,  and  in 
the  other,  the  end  plate  is  flanged  inwards. 
It  is  also  sometimes  flanged  outwards. 

Staying  of  Boilers. — The  tendency  of 
pressure  on  a  flat  surface  is  to  bulge  it  out  to 
a  circular  form,  and  to  prevent  this  deform- 
ation of  the  flat  surfaces  in  steam  boilers,  all 
such  surfaces  require  to  be  stayed.  In  Lanca- 
shire and  Cornish  boilers  the  only  parts 
which  require  staying  are  the  end  plates ;  in 
marine  boilers  the  end  plates  and  the  flat 
sides  of  the  combustion  chambers,  and  in 
locomotive  boilers  all  the  flat  sides  of  the  fire- 
box and  the  end  plates. 

Stays  are  made  of  various  forms  according 
to  the  position  they  occupy  in  the  boiler.  The  fire-box  stays  of 
locomotives,  which  bind  the  flat  sides  of  the  fire-box  to  the  outer 
shell,  are  shown  in  the  annexed  diagram. 

The  stays  of  marine  boilers  which 
bind  the  flat  sides  of  the  combustion 
chambers  together,  and  to  the  end 
plates  are  similar  in  form,  but  have 
often  nuts  and  washers  on  one  or  on 
both  ends  instead  of  riveted  heads, 
and  are  generally  screwed  through- 
out their  length.  In  locomotive 
boilers  these  stays  are  usually  made 
of  copper,  but  in  marine  boilers 
wrought  iron  or  steel  is  used.  Nuts 
and  washers  on  the  ends  of  the  stays 
give  better  support  to  the  plates 
than  riveted  heads,  owing  to  their  larger  bearing  surface. 

The  end  plates  of  boilers  are  stayed  with  gusset  stays,  or  with 
longitudinal  stays  passing  from  end  to  end  of  the  boiler,  or  with 
both. 
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Gusset  stays  are  usually  made  of  a  single  plate  of  iron,  which 
is  fixed  to  the  shell  and  to  the  end  plate,  by  means  of  angle  irons  on 
each  side  of  the  plate,  as  shown  at,  G  S,  on  the  following  diagram. 
In  marine  boilers,  the  gusset  stays  are  often  made  of  a  rod  of 
iron  with  a  flat  plate  forged  on  the  end.  The  plate  is  riveted  to 
the  shell,  and  the  rod  passes  diagonally  across  to  the  end  plate, 
and  is  fixed  there  by  nuts  and  washers  on  each  side. 


tWM'MVM^ 


*  The  Board  of  Trade  insist  upon  iron  stays  being  used  if  of 
the  above  shape  where  the  ends  have  been  "jumped  up/'  welded, 
or  worked  in  the  fire.  Mr.  Thomas  W.  Trail,  Engineer-Surveyor- 
in-Chief  to  the  Board  of  Trade,  in  his  book  on  Boilers,  published 
by  Chas.  Griffin  &  Co.,  gives  the  pressures,  greatest  surfaces,  and  sizes  for 
iron  and  steel  stays.     See  pp.  126  to  137  and  238  to  263,  first  edition,  1888. 

Longitudinal  stays  are  simply  rods  of  iron  or  steel*  screwed  at 
the  ends,  which  pass  from  one  end  of  the  boiler  to  the  other,  and 
are  secured  to  the  end  plates  by  nuts  and  washers  on  both  sides. 
One  of  these,  L  S,  is  shown  on  the  above  diagram.  When  these 
stays  exceed  20  feet  or  thereby  in  length  they  tend  to  droop  in 
the  centre,  and  do  not  take  up  the  full  stress  on  the  end  plates. 
In  this  case,  they  should  be  supported  at  the  centre  by  small 
brackets  riveted  to  the  shell. 

Although  the  end  plates  require  this  staying,  it  is  not  desirable 
that  they  should  be  absolutely  rigid,  or  the  flues  will  not  have 
sufficient  freedom  to  expand.  The  object  to  be  aimed  at  is  to 
strengthen  the  ends,  but  yet  as  far  as  possible  to  preserve  a 
certain  amount  of  elasticity 

The  flat  crowns  of  locomotive  fire-boxes,  and  the  combustion 
chambers  of  marine  boilers,  are  usually  stayed  in  the  manner 
shown  on  the  diagram  of  multitubular  boiler  in  Lecture  XVIIL, 


by  Google 


STAYING  OF   BOILERS.  343 

and  the  marine  boiler,  page  320,  in  Lecture  XXVIII.  Oast-iron 
or  preferably  wrought-iron  girder  plates  pass  across  the  fire-box 
and  rest  on  the  vertical  back  and  front  plates.  These  girder  plates 
support  the  furnace  crown  by  means  of  bolts  passing  up  through 
them,  and  are  secured  by  nuts  above,  in  the  manner  shown  on  the 
diagrams.  In  marine  boilers,  the  combustion  chamber  is  some- 
times curved  at  the  top  and  supported  by  stays  from  the  end  plate 
(p.  316),  but  it  is  usually  flat  on  the  top  and  supported  in  the  same 
way  as  the  locomotive  fire-box  just  noticed.  The  top  of  a  loco- 
motive fire-box  is  sometimes  also  supported  by  copper  or  iron 
stays  from  the  outer  shell  of  the  boiler,  in  the  same  way  as  the 
sides  (see  folding  page,  Lecture  XXX.)  In  regard  to  crown  stays, 
Mr.  D.  S.  Smart,  in  his  paper  on  Steam  BoiUrs,  read  before  the 
Institution  of  Civil  Engineers,*  remarks — 

"  Girder-stays  have,  until  recently,  been  universally  employed 
in  the  strengthening  of  fire-box  crowns  of  the  locomotive  type 
of  boilers ;  but  direct  stays  between  the  crowns  of  the  fire-box 
casings  and  the  fire-box  crowns  are  now  to  a  great  extent  taking 
their  place.  Girder  stays  are  decidedly  objectionable  in  obstruct- 
ing the  circulation  of  the  water,  and  in  tending  to  cause  over- 
heating through  the  narrow  water  spaces  between  them  and  the 
crowns  becoming  choked  with  deposit;  also  on  account  of  the 
severe  stress  thrown  upon  the  plates  on  which  they  rest.  The 
object  in  refraining  from  staying  the  crowns  of  the  fire-box 
directly  to  the  crowns  of  the  casings  has  hitherto  been  to  avoid 
undue  strain  from  the  greater  upward  expansion  of  the  fire-box, 
but  this  objection  may  in  a  great  measure  be  overcome,  by  making 
the  crowns  of  the  casings  flat  like  the  fire-box  crowns  with  well 
rounded  corners.  The  pressures  on  the  two  flat  surfaces  will 
nearly  balance,  and  any  unequal  expansion  will  be  taken  up  by 
the  flat  portions  outside  the  stays,  or  by  the  rounded  corners. 
The  Author  has  seen  a  number  of  boilers  constructed  on  this 
design  which  he  believes  will  give  perfect  satisfaction.  The  two 
crowns  are  stayed  directly  to  each  other  by  bolts  screwed  into 
both,  with  the  heads  in  the  fire-box  and  nuts  on  the  top  of  the 
outer  casing,  the  part  in  the  water  and  steam  spaces  being  with- 
out threads.  Numbers  of  boilers  are  also  being  made  with  the 
crowns  of  the  casings  of  the  usual  semi-cylindrical  form,  and  the 
flat  fire-box  crowns  stayed  directly  to  them  by  bolts  in  the 
manner  just  described,  with  no  provision  for  expansion  other 
than  the  spring  of  the  plates  all  round.  Others,  when  thus 
arranged,  especially  when  the  fire-boxes  are  of  large  size,  have 
provision  for  the  upward  expansion  of  the  first  two  rows  of  stays 

*  Volume  Ixxx.  of  Proceedings.  Extract  and  diagrams  taken  from  it  by 
kind  permission  of  the  Council  of  the  Inst,  of  C.E. 
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over  the  tube  plate  on  getting  up  steam,  as  tube  plates  have  been 
injured  by  too  rigid  a  connection." 

In  marine  and  all  tubular  boilers,  that  part  of  the  end  plate 
through  which  the  tubes  pass,  and  which  cannot  be  supported 
by  gusset  stays,  is  supported  by  some  of  the  tubes  themselves 
which  are  known  as  stay  tubes.  These  stay  tubes  are  made 
stronger  than  the  others,  and  are  usually  screwed  into  the  back 
and  the  front  tube  plates.  They  are  sometimes  fitted  with  nuts 
on  the  outside  of  the  front  tube  plate  and  then  beaded  over  at 
each  end.  The  tube  plates  are  seldom  supported  by  rod  stays 
between  the  tubes,  for  this  plan  is  objectionable,  since  the  rods 
are  not  exposed  to  the  same  temperature  as  the  tubes,  and 
consequently  expand  differently. 

Strength  of  Boiler  Shells.— T*ne  strongest  form  for  any  boiler, 
or  vessel  which  supports  internal  pressure,  is  that  of  a  sphere 
but  there  are  many  reasons  for  not  adopting  this  form  in  practice. 
The  early  steam  boilers  were  designed  of  the  form  which  would 
give  most  heating  surface,  and  in  the  opinion  of  the  designer 
would  give  the  highest  evaporative  efficiency,  but  no  attention 
was  given  to  the  form  which  would  be  best  adapted  to  support 
pressure.  So  long  as  very  low  pressure  steam  was  used  in 
those  boilers,  the  question  of  form  was  not  so  important,  but  as 
soon  as  pressures  of  30  lbs.  per  square  inch  or  thereby  were 
adopted,  it  became  necessary  to  give  some  attention  to  the  form 
of  the  shell  which  is  best  suited  to  withstand  internal  pressure. 
The  cylindrical  boiler  has  now  been  universally  adopted  as  the 
nearest  practical  approach  to  the  sphere. 

To  estimate  the  strength  of  a  cylindrical  boiler — 

Let  P  =  the  bursting  pressure  in  lbs.  per  square  inch. 

„   t    =  thickness  of  the  plates  in  inches. 

„   D  =  diameter  of  the  boiler  in       „ 
Let  S,  =  tensile  strength  of  the  material  at  its  weakest  part  in 
lbs.  per  square  inch. 

Consider  the  pressure  on  any  very  small  surface,  A  B,  (in  the 
next  diagram)  which  makes  an  angle,  0,  with  the  horizontal 
diameter,  0  D.  The  normal  pressure,  P,  on  the  surface,  A  B, 
may  be  resolved  into  two  components,  Ox,  acting  vertically,  and, 
Oy,  acting  horizontally. 

Then  the  angle  E  Oy  «=  0, 
.-.      „       „     POy  =  90-*, 

Therefore  x  =  P  •  sin.  (90  -  0), 
=  P  •  cos.  0, 
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Thus  the  vertical  pressure  on  the  surface,  A  B  =  P  cos.  NAB. 

But  cos.  tf*AB  =  a  b. 

.  \  The  vertical  pressure  on  A  B  =  P  x  ab. 

Hence,  the  sum  of  all  the  vertical  components  of,  P,  will  be— 

P  x  OD  =  P  x  D. 

i.e.>  The  force  tending   to  rupture  the   boiler  is  equal  to  the 
pressure  per  square  t'nc/*,  multiplied  by  the  diameter  in  inches. 


Also,  the  resistance  of  the  material  is  equal  to  the  tensile 
strength  of  the  plates  in  lbs.  per  square  inch,  multiplied  by  the 
combined  area  of  the  plates  on  each  side  of  a  diameter. 

Then  at  the  point  of  rupture — 

The  pressure  tending  to  cause  rupture  =  The  resistance  of  the  material. 

Considering  the  pressure  on  any  length,  L,  of  the  boiler, 
We  have— 

P  x  D  x  L  *=  2  (L  x  t  x  S.) 


P- 


and*    m 


2  IS, 

D 
PD 
2  S. 
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The  value  of  P,  given  by  the  previous  formula,  is  the  pressure 
required  to  cause  longitudinal  rupture,  i.e.,  rupture  in  a  line 
parallel  to  the  axis  of  the  boiler,  but  a  cylindrical  boiler  may 
also  be  ruptured  transversely,  i.e.,  in  a  line  at  right  angles  to  the 
axis,  due  to  the  pressure  on  the  ends. 

Let  Pr  =  the  bursting  pressure  in  this  case. 
Then  the  force  tending  to  cause  rupture— 

=  Px  x  area  of  cross  section  of  boiler  =  Px  x  -  D*. 

Also,  resistance  of  plates = area  of  metal  in  cross  section  x  its  tensile  strength. 

i.e.,  Farce  tending  to  cause  rupture  =  Resistance  of  plates. 


Pi- 

4<S, 

"    D 

/ 

2tSt 

P 

Pi" 

D 

4t8t 

1 
"2" 

Hence,  the  pressure  required  to  cause  rupture  of  a  boiler 
longitudinally,  is  only  luxlf  that  required  to  cause  rupture  in  a 
transverse  direction.  For  this  reason,  the  longitudinal  joints  of 
boilers  are  always  made  stronger  than  the  circumferential  joints. 
In  Cornish,  Lancashire,  and  marine  boilers  having  internal  flues 
from  end  to  end,  the  pressure  required  to  cause  transverse 
rupture  is  much  greater  than  twice  that  required  to  cause 
longitudinal  rupture,  for  then  the  effective  area  of  the  end  plates 
is  not  equal  to  the  whole  area  of  cross  section  of  the  boiler,  but 
is  equal  to  the  area  of  the  boiler  minus  the  area  of  the  flues. 
Owing  to  this  unequal  stress  on  the  joints  of  boilers,  it  has  been 
proposed  to  plate  boilers  diagonally,  having  the  joints  at  such  an 
angle  to  the  axis  as  would  cause  an  equal  stress  on  each  joint. 
This  plan,  however,  has  never  yet  been  put  into  actual  practice. 

In  all  actual  calculations  we  must  insert  for,  S„  not  the  tensile 
strength  of  the  plate,  but  the  strength  of  the  riveted  joint. 
This  is  obtained  by  taking  the  percentage  of  plate  strength  given 
in  the  table  on  page  336,  for  the  particular  form  of  riveted  joint 
with  which  the  boiler  is  constructed. 

Example. — A  Lancashire  boiler  is  7  feet  6  inches  diameter,  and 
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is  required  to  work  at  a  pressure  of  75  lbs.  per  square  inch.  The 
longitudinal  joints  are  double-riveted  and  are  lap  joints. 

Find  the  thickness  of  wrought-iron  plates  required  for  the  shell. 

The  average  tensile  strength  of  wrought-iron  plates  in  the 
direction  of  the  grain  is  21  tons,  or  47,040  lbs.  per  square  inch 
(see  page  327),  and  since  a  double-riveted  lap  joint  (punched 
holes)  gives  69  per  cent  of  plate  strength, 

The  tensile  strength  of  joint  =  47,040  x  -69. 

„  „  „      =  32,457  lbs.  per  square  inch. 

In  steam  boilers,  a  factor  of  safety  of  6,  is  usually  allowed,  t.e., 
the  bursting  pressure  is  six  times  the  working  pressure. 

.*.  The  bursting  pressure  =  75  x  6. 

„  „  „         =  450  lbs.  per  square  inch. 

M       PD        450  x  90 
Then,         t  =   2s;  =  2  x  32457 

5 
.\  t  =  -6239*  =  ^  inch  nearly, 
o 

Strength  of  Flues. — The  strength  of  cylindrical  tubes  subjected 
to  internal  pressure  is  independent  of  the  length  of  the  tube, 
since  the  greater  the  length  of  the  tube  the  more  material  there 
is  to  resist  the  increased  pressure.  In  proof  of  this  statement 
the  student  will  have  noticed  that  in  the  equation  on  page  345, 
the  quantity,  L,  appeared  on  both  sides,  and  was  therefore 
cancelled  out.  It  seems  natural  also  to  suppose  that  when  a 
cylindrical  tube  is  subjected  to  external  pressure,  its  strength  to 
resist  collapse  should  not  be  dependent  upon  its  length,  and 
until  the  year  1858,  this  was  assumed  by  all  engineers. 

Sir  Wm.  Fairbairn  carried  out  a  series  of  experiments  in  1858, 
to  ascertain  the  strength  of  cylindrical  tubes  subjected  to  exter- 
nal pressure,  and  his  experiments  threw  much  light  on  the 
behaviour  of  such  tubes  under  those  conditions. 

As  the  result  of  his  experiments,  he  deduced  the  following 
formula  for  the  strength  of  boiler  flues  of  iron  : — 

Let  P  =  collapsing  pressure  in  lbs.  per  square  inch. 
„     t  =  thickness  of  the  plates  of  the  flue  in  inches. 
„    L  =  length  of  the  flue  in  feet. 
n  D  «  diameter  of  the  flue  in  inches. 

jt.19 

Then,  P  -  806,300  ^--^ 

LxD  28 
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This  shows  that  the  collapsing  pressure  varies  directly  as  the 
2-1 9th  power  of  the  thickness,  and  inversely  as  the  length  and 
•diameter. 

When  a  cylindrical  tube,  which  is  not  perfect  in  form,  is 
subjected  to  internal  pressure,  the  effect  of  the  internal  pressure 
is  to  rectify  the  defect,  and  to  bring  the  tube  to  the  form  of  an 
•exact  cylinder.  Thus,  in  a  boiler  shell  made  with  lap  joints,  the 
form  of  the  cross  section  necessarily  differs  from  that  of  a  true 
•circle,  but  when  steam  pressure  comes  upon  it,  the  tension  on 
the  longitudinal  joints  tends  to  draw  the  plates  into  line,  and 
•causes  them  to  take  up  an  exactly  circular  form  at  any  section. 
The  effect  of  external  pressure  on  an  imperfectly  circular  tube  is 
not  to  remedy  the  imperfection,  but  to  increase  the  deviation 
from  the  true  circular  section  and  to  produce  greater  distortion. 
Among  Sir  Wm.  Fairbairn's  experiments,  the  results  may  be 
•noted  of  a  test  of  two  tubes  subjected  to  external  pressure, 
37  in.  long,  9  in.  diameter,  and  '14  in.  thick,  the  same  in  every 
respect,  except  that  one  tube  was  lap  jointed  and  the  other  butt 
jointed.  The  tube  with  the  lap  joint  collapsed  with  262  lbs. 
pressure  per  square  inch,  whilst  the  tube  with  the  butt  joint  did 
-not  give  way  till  a  pressure  of  378  lbs.  per  square  inch  was 
reached.  This  shows  a  loss  of  \  in  resistance  to  collapse,  by  a 
•departure  of  merely  *14  in.  from  the  true  circular  section,  and 
clearly  indicates  the  necessity  of  making  boiler  flues  exactly 
cylindrical.  This  is  now  very  nearly  approached  in  practice, 
dues  being  always  made  with  either  welded  or  butt  joints. 

Fairbairn's  formula  may  be  readily  worked  out  by  the  use  of 
'logarithms ;  but  for  ordinary  practical  purposes,  the  square  of  the 
thickness  may  be  used  instead  of  the  2*1 9th  power. 

From  the  above,  it  will  be  apparent  that  cylindrical  tubes, 
■subjected  to  external  pressure,  require  to  be  strengthened  when 
long.  Boiler  flues  are  usually  strengthened  at  intervals  along 
their  length,  and  this  is  effected  in  several  ways,  the  principal 
of  which  are — 

r^T^ni — ¥— i 

Scale  i 

T  Iron  Ring.  Bowling  Hoop.  Adamson's  Flanged 

Seam. 

The  T  iron  ring  shown  in  section  in  the  left-hand  figure  was 
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the  first  method  adopted  for  strengthening  the  flues.  It  is 
riveted  round  the  joints  of  each  ring  of  plates  in  the  manner 
shown  in  the  diagram.  This  plan  gives  ample  strength,  but 
holds  the  flue  too  rigidly,  and  does  not  permit  of  free  expansion 
and  contraction.  The  rivet  heads  also  are  exposed  to  the 
intense  heat  of  the  furnace,  and  are  liable  to  be  burnt. 

The  form  shown  in  the  middle  figure  is  known  as  the  Bowling- 
hoop,  and  has  been  largely  used  for  strengthening  the  furnace 
flues  of  boilers.  It  is  weldless,  and  can  be  made  in  iron  or  steeL 
It  possesses  quite  as  great  strength  as  the  T  iron  ring,  and,  from 
its  shape,  allows  all  necessary  freedom  for  the  expansion  of  the 
flue.  It  has  the  same  disadvantage  as  the  T  iron  ring,  however, 
since  it  exposes  a  double  thickness  of  plates  and  two  rows  of 
rivets  to  the  flames  from  the  fire-grate. 

The  third  method  shown  in  the  right  hand  figure  is  known  as 
the  Adamson  Flanged  Seam,  and  consists  in  flanging  the  ends  of 
the  flue  plates,  and  connecting  them  together  by  rivets  with  a  ring 
between.  This  joint  is  very  elastic,  and  permits  of  free  expansion ; 
it  has  sufficient  strength  without  the  ring,  but  the  ring  is  used 
in  order  to  give  a  caulking  edge  on  each  side  of  the  lap.  This  is 
the  method  which  is  most  generally  adopted,  although  a  number 
of  engineers  prefer  the  Bowling-hoop.  The  plates  require  to  be 
of  specially  good  quality  to  admit  of  flanging,  and  the  flanging 
must  be  skilfully  done,  or  the  joint  will  give  a  considerable  amount 
of  trouble.  The  advantage  of  this  joint  is,  that  all  rivets  and 
double  thicknesses  of  plate  are  removed  from  the  action  of  the  fire. 

There  is  one  other  method  of  strengthening  flues  which  is  of 
more  recent  introduction  than  those  already  mentioned,  and  is 
shown  in  the  diagram  annexed. 

The  flue  tubes  are  made  of  welded 
rings  of  iron  or  steel,  and  are  rolled  out 
accurately   in  a   machine   to   the  shape  Paxman's  Flue 

shown,  and  united  by  a  simple  lap  joint  Joint. 

The  strength  of  the  flues  is  thus  greatly  increased,  and  yet  free 
expansion  is  allowed. 

The  arrangement  of  these  flue  tubes  in  a  boiler  is  shown  in 
the  diagram  below. 
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350  LECTUBE   XXIX. 

The  rivet  heads  and  double  thicknesses  of  plate,  although  not 
removed  entirely  from  the  action  of  the  flames,  are  out  of 
immediate  contact  with  them. 

When  flues  are  strengthened  by  any  of  these  methods,  their 
strength  must  be  taken  as  that  corresponding  to  the  length 
between  the  rings  or  joints. 

Corrugated  Furnaces, — The  furnaces  of  boilers  are  now  very 
frequently  fitted  with  corrugated  flues.  A  furnace  of  this  kind 
is  shown  in  the  marine  boilers  illustrated  on  pages  320  and  322. 
A  corrugated  furnace  flue  is  stronger  than  one  fitted  with  any 
of  the  strengthening  rings  already  mentioned,  and  is  of  such  a 
form  as  to  allow  every  facility  for  expansion.  The  process  of 
corrugating  furnace  flues  was  brought  out  and  patented  by  Mr. 
Samson  Fox  in  1876.  The  appliances  at  first  used  for  producing 
the  corrugations  were  very  severe  and  trying  to  the  material,  but 
now  by  the  use  of  improved  rolling  mills,  corrugated  furnaces  are 
produced  in  which  the  plates  suffer  no  apparent  injury. 

Within  the  last  few  years  corrugated  furnace  flues  have  been 
largely  used,  both  for  land  and  for  marine  boilers,  with  very  satis- 
factory results.  Greatly  increased  strength,  combined  with  perfect 
elasticity,  is  the  principal  advantage,  but  a  corrugated  furnace 
also  gives  greater  heating  surface,  and  breaks  up  the  flame  and 
heated  gases.  They  have,  however,  certain  disadvantages,  viz., 
sediment  and  salt  incrustation  may  more  readily  gather  in  the 
hollows  at  the  top  of  the  flue  than  in  a  plain  cylindrical  one,  and 
the  dead  ashes  in  the  lower  inside  hollows.  The  elasticity  or 
bellows  action  is  somewhat  too  great  in  large  boilers,  and  strength- 
ening longitudinal  stays  are  sometimes  inserted  round  or  near 
the  outside  of  the  Fox's  tubes  between  the  ends  of  the  boiler. 


Lecture  XXIX— Questions. 

1.  Enumerate  the  chief  advantages  of  wrought-iron  aa  a  suitable  material 
for  the  construction  of  steam  boilers.  What  Kinds  of  iron  plates  should  be 
discarded,  and  why  ?  Give  the  average  tensile  strength  of  good  wrought- 
iron  with  and  across  the  grain. 

2.  State  the  chief  advantages  of  mild  steel  over  wrouzht-iron  as  a  material 
for  boiler  construction,  and  explain  the  precautions  that  are  necessary  in 
selecting  the  plates  and  in  manipulating  them  during  the  manufacture  of  a 
boiler.  Give  any  instances  known  to  you  of  the  failure  of  steel  boiler 
plates,  and  the  reasons  assigned  for  their  failure.  Give  the  tensile  strength 
of  ffood  mild  boiler  plate  steel. 

3.  In  what  kinds  of  boilers,  and  for  what  parts  of  them,  is  copper  used  ? 
What  advantages  are  claimed  for  copper  in  those  cases  over  wrought-iron 
or  steel?    Why  is  cast-iron  not  used  for  the  shell  or  flues  of  ordinary  land 
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or  marine  boilers  ?    In  what  kinds  of  boilers,  and  for  what  parts  of  them,  is 
cast-iron  still  employed  ? 

4.  Sketch  clearly  in  freehand  the  several  chief  form9  of  riveted  joints, 
and  indicate  the  advantages  and  disadvantages  of  each,  sketch  a  single- 
riveted  joint  for  {-inch  plate,  marking  the  size  of  the  rivets  and  the  pitch 
you  would  employ.     Show  in  what  way  such  a  joint  might  yield. 

5.  Determine  the  pitch  of  the  rivets  for  a  single-riveted  joint  of  4-inch 

S'ate  so  that  the  joint  may  be  equally  strong  to  resist  tearing  and  shearing, 
iameter  of  rivets  is  J-inch.    Sate  shearing  strength  is  7,800 lbs.  per  square 
inch  ;  safe  tensile  strength  is  10,000  lbs.  per  square  inch.     Ana.  1*813  inch. 

6.  What  rules  are  employed  for  calculating  the  strength  of  double- 
riveted  lap  joints  in  iron  and  steel  plates  ?  Is  there  any  advantage  in  the 
use  of  elliptical  rivets  ? 

7.  It  is  required  to  construct  a  double-riveted  lap  joint  for  4-inch  plates. 
Give  the  proportions  of  the  joint,  and  calculate  the  ]»ercentage  of  solid  plate 
strength  which  it  gives.    An*. 

8.  Describe  with  sketches  any  boiler  or  other  piece  of  riveted  work  with 
which  you  have  had  anything  to  do.  Give  roughly  the  dimensions  of  rivets 
or  stays,  the  details  of  joints ;  give  fuller  information  about  the  part  you 
have  had  most  to  do  with.  What  sort  of  stress  occurs  in  the  plates  at  any 
riveted  joint  ?    Sketch  the  various  ways  in  which  fracture  may  occur. 

9.  What  are  the  relative  advantages  and  disadvantages  of  different 
methods  of  riveting  ? 

10.  How  are  rivets  made,  and  from  what  kinds  of  iron  ?  Sketch,  with 
dimensions,  single-  and  double-riveted  butt  joints  of  $-inch  plates.  Show 
a  butt  joint  in  a  boiler  where  cross  and  longitudinal  joints  meet  Sketch 
the  various  ways  in  which  the  joint  may  be  made  at  the  bottom  of  a 
locomotive  fire-box. 

11.  In  a  single-riveted  lap  joint  exposed  to  tension,  determine  the 
diameter  and  pitch  of  the  rivets  in  terms  of  the  thickness  of  plate,  and  the 
three  stresses/,  fa,  andy&, 

where  ft  =  intensity  of  stress  on  material  of  plate. 

/•  =         »  »  »  rivet 

fb  =        „  bearing  pressure  estimated  on  a  diametral  section 

of  rivet 
Find  the  diameter  {d)  and  pitch  (p)  for  }-inch  plates  when/t  —  30,  /«  =  22, 
and  .A  =  42  tons  per  square  inch,  and  estimate  the  efficiency  of  the  joint. 
An*,  p  =  2  88  inches,  and  d"  =  121  inch ;  50  per  cent 

12.  Compare  the  joints  of  plates  in  the  end  of  a  Cornish  or  Lancashire 
boiler  now  with  what  they  were  twenty  years  ago. 

13.  Which  is  better,  to  drill  or  punch  rivet  holes?  and  why? 

14.  State  the  chief  objections  to  punching  boiler  plates.  Why  should 
il  drifting  "  the  holes  not  be  permitted  in  order  to  bring  them  fairly  oppo- 
site each  other  ?  What  is  the  best  method  for  ensuring  that  the  rivet  holes 
in  boiler  plates  shall  be  fairly  opposite  each  other  ? 

15.  Why  is  hydraulic  machine-riveting  better  than  hand-riveting? 

16.  Describe  the  process  of  caulking  a  joint,  aud  sketch  the  best  form  of 
cauiking-tool  with  which  you  are  best  acquainted. 

17.  In  what  parts  of  boilers  are  welded  joints  used  ?  Why  are  welded 
joints  not  more  generally  adopted  ? 

18.  Sketch  and  describe  the  principal  plans  of  connecting  the  shell  to  the 
end  plates  in  a  large  horizontal  boiler,  and  give  their  several  advantages 
and  disadvantages,  with  reasons. 
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19.  Sketch  and  describe  the  best  plans  of  connecting  the  flues  to  the  end 
plates  of  a  horizontal  land  or  marine  boiier. 

20.  Mention  those  parts  of  a  marine  boiler  which  require  to  be  stayed, 
and  show  clearly  by  sketches  how  the  staying  is  done  in  actual  practice. 

21.  Find  the  thickness  of  iron  plates  in  a  boiler  shell  6  feet  4  inches  in 
diameter,  for  a  pressure  of  40  lbs.,  the  greatest  tensile  stress  permissible  in 
the  material  being  5,000  lbs.  per  square  inch.     Arts.  '304  inch. 

22.  A  cylindrical  boiler  with  flat  ends,  30  feet  long,  6  feet  diameter,  has 
two  internal  flues,  each  2\  feet  in  diameter.  Steam  pressure  in  the  boiler 
is  40  lbs.;  what  is  the  whole  pressure  on  the  internal  surface  in  tons? 
How  is  the  strength  of  such  a  boiler  related  to  its  diameter  ?   Ans.  10*8  tons. 

23.  Find  the  greatest  diameter  of  a  cylindrical  boiler  to  resist  a  pressure 
of  100  lbs.  per  square  inch,  the  plates  being  {-inch  thick,  and  the  safe  stress 
upon  the  metal  being  5,500  lbs.  per  square  inch.     Ana.  41  '25  inches. 

24.  A  cylinder  constructed  of  boiler  plate  is  7  feet  in  diameter,  and  is 
subjected  to  an  internal  bursting  pressure  of  50  lbs.  per  square  inch.  Find 
the  longitudinal  stress  on  the  metal  per  square  inch  of  section,  the  thickness 
of  the  plate  being  4-inch.    Ans.  4,200  lbs. 

25.  Show  fully  by  calculation  why  a  cylindrical  boiler  is  twice  as  likely 
to  burst  longitudinally  as  endwise,  and  give  an  example. 

26.  An  ordinary  cylindrical  boiler  has  flat  ends  with  two  internal  flues 
running  from  end  to  end.  The  boiler  is  28  feet  long,  the  shell  7  feet  in 
diameter,  and  each  of  the  two  flues  is  30  inches  in  diameter,  the  iron 
employed  being  4-inch  in  thickness  throughout.  Taking  the  ultimate 
strength  for  the  longitudinal  or  double-riveted  joints  at  35,000  lbs.  per 
square  inch  of  sectional  area,  and  that  for  the  transverse  or  single-riveted 
joints  at  28,000  lbs.  per  square  inch,  find  the  ultimate  bursting  pressure — 
(!)  along  a  longitudinal,  (2)  alone  a  transverse  section,  Ans.  417 ;  1,532  lbs. 

In  what  wav  are  the  internal  flues  strengthened  ? 

27.  Given  the  breaking  tensile  strength  of  wrought-iron,  find  the  thick- 
ness of  the  shell  of  a  cylindrical  boiler  which  will  support  a  given  pressure 
of  steam.  Example— The  diameter  of  the  shell  is  34  feet,  and  the  pressure 
of  the  steam  is  150  lbs.  on  the  square  inch,  what  should  be  the  thickness  of 
the  boiler  plate  when  the  tensile  strength  of  wrought-iron  is,  for  safety, 
estimated  at  three  tons  on  the  square  inch?  Prove  that  a  tube  under 
internal  fluid  pressure  is  twice  as  strong  in  a  transverse  as  in  a  longitudinal 
direction.     Ans.  '47  inch. 

28.  The  furnace  flue  of  a  marine  boiler  is  7  ft.  long  and  3  ft.  in  diameter. 
The  plates  are  J-inch  thick,  and  an  Adamson  flanged  joint  is  fitted  at  the 
centre.    Find  the  collapsing  pressure  of  the  flue.    Ans.  374  lbs.  per  sq.  inch. 

29.  Find  an  expression  for  the  thickness  of  the  shell  of  a  cylindrical  boiler, 
the  tensile  strength  of  the  material,  the  pressure  of  steam,  and  the  diameter 
of  the  shell  being  given.  If  a  cylindrical  boiler  5  feet  in  diameter  will 
support  a  steam  pressure  of  20  lbs.,  what  should  be  the  diameter  of  a  boiler 
of  like  material,  construction,  and  thickness  of  plate,  for  supporting  a  steam 
pressure  of  100  lbs.  ?    (Adv.  S.  and  A.  Exam.,  1887.) 

30.  In  a  cylindrical  steam  boiler  prove  the  formulas  for  the  forces  tending 
to  produce  rupture  of  the  material  in  the  circumferential  and  longitudinal 
directions.     (Adv.  S.  and  A.  Exam.,  1889.) 

31.  Why  do  ordinary  steam  boilers  fail  to  utilise  a  large  proportion  of  the 
heat  developed  in  the  complete  combustion  of  the  fuel  employed  ?  Sketch  a 
longitudinal  section  through  the  fire  box  and  tubes  of  a  high-pressure  boiler. 
Describe  the  construction  of  the  boiler,  and  show  the  method  of  staying  the 
portions  most  likely  to  give  way  under  pressure.  (A  dv.  S.  and  A .  Exam.,  1889.) 


Digitized  by 


Google 


3o3 


LECTURE    XXX. 
LOCOMOTIVES. 

Contents. — Early  history  of  the  Locomotive  Engine— Caledonian  Railway 
Passenger  Locomotive — Folding-page  Illustration  of  Express  Loco- 
motive by  Messrs.  Dubs  &  Co.,  with  Complete  Explanatory  Index  and 
Descriptive  Specification,  Drawings  of  Details  and  Dimensions — Giflard's 
Injector — Compound  Locomotives. 

The  present  course  of  Lectures  being  limited  to  thirty,  and* 
having  occupied  so  much  time  and  space  in  the  previous  Lectures, 
with  the  necessary  history,  theory,  and  detailed  description  of 
stationary  engines,  marine  engines,  and  boilers,  we  find  that  we 
can  give  but  a  very  cursory  glance  at  the  history  of  the  Locomotive 
Engine ;  reserving  the  major  portion  of  this,  the  last  Lecture,  to- 
the  illustration  and  explanation  of  one  of  the  latest  and  best 
Express  Passenger  Locomotives.* 

*  Students  who  are  particularly  interested  in  the  Locomotive  Engine- 
should  refer  to— 

(1)  Professor  Thurston's  History  of  the  Steam  Engine  for  a  popular 
description  of  the  many  attempts  at,  and  ultimate  success  o£  Stean^ 
Locomotion  on  Railways. 

(2)  Locomotive  Engineering  and  the  Mechanism  of  Railways,  by  Zerali. 
Colburn,  C.E.,  and  Daniel  Kinnear  Clark,  M.  Inst  C.E.,  published  by 
William  Collins  &  Sons,  Glasgow  (to  be  found  in  most  Engineering  and 
Philosophical  Societies'  Libraries),  for  not  only  a  very  complete  history  of 
the  Locomotive,  but  also  a  detailed  description  of  all  the  best  known  forms 
up  to  1871. 

(3)  Modern  Steam  Practice  and  Engineering  (divisions  3  and  4)  by  J.  G. 
Winton  and  W.  J.  Millar,  C.E.,  published  by  Messrs.  Blackie  &  Son, 
Glasgow,  &c,  for  the  detailed  mechanism  of  Locomotives. 

(4)  A  paper,  with  discussion,  on  "  Compound  Locomotive  Engines  "  by 
Francis  W.  Webb,  M.  Inst  C.E,  Loco.  Sunt,  of  the  London  &  North-Western. 
Railway,  read  before  The  Institution  of  Mechanical  Engineers,  July  1883. 
See  voL  of  Proc  Inst.  Mech.  Engs.  for  1883,  pp.  438  to  462. 

(5)  A  paper,  with  discussion,  on  "The  Construction  of  Locomotive  Engines, 
with  some  Results  of  the  Working  of  those  on  the  London,  Brighton,  andi 
South  Coast  Railway,"  by  William  Stroudley,  M.  Inst.  C.E.,  Loco.  Supt. 
of  the  L.  B.  and  S.  0.  Ry.,  read  before  The  Institution  of  Civil  Engineers, 
March  3,  18S5.    See  vol.  lxxxi.,  pp.  76  to  166  of  Proc.  Inst.  C,  E. 

(6)  Papers  with  discussions,  "Experimenting  on  the  Steam  Jacketing, 
and  Compounding  of  Locomotives  in  Russia,"  by  Alex.  Borodin,  of  Kief; 
"  On  the  working  of  Compound  Locomotives  in  India,"  by  Mr.  Sandiford, 
of  Lahore.  See  Tfie  Engineer,  Ang.  20  and  27,  1886.  Copied  from* 
Trans.  Inst.  Mec/t.  Engs.  for  1886. 
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Early  History  of  the  Locomotive.— In  1680,  Sir  Isaac  Newton 
proposed  the  adoption  of  a  Steam  Carriage  having  a  spherical 
boiler  half  tilled  with  water,  mounted  on  a  four-wheeled  carriage. 
A  fire  was  to  be  placed  underneath  the  boiler  for  raising  steam 
in  the  same,  and  a  nozzle  projecting  aft  from  the  steam  space,  so 
that  by  the  reaction  of  the  issuing  steam  on  the  air  (as  in  Hero's 
engine)  the  carriage  should  be  propelled  forward.  This  was 
probably  the  first  suggestion  for  applying  the  force  of  steam  to 
locomotion  on  land. 

In  1759,  Dr.  Robinson  suggested  to  Watt  the  application  of 
the  then  known  steam  engine  to  land  locomotion. 

In  1784,  Watt  patented  a  locomotive  engine,  and  in  the  same 
year  Murdoch,  Watt's  assistant,  made  a  working  model  which 
went  at  a  rapid  rate  along  the  road.  It  was  fitted  with  a  grass- 
hopper engine,  and  the  model  is  preserved  in  the  Patent  Museum 
at  South  Kensington  as  an  interesting  relic. 

In  1802,  Trevithick  and  Vivian  patented  a  Steam  Locomotive 
having  a  high-pressure  engine,  the  model  of  which  is  also  in  the 
Patent  Museum  at  South  Kensington.  In  1803-4,  Trevithick 
and  Vivian  built  a  full-sized  locomotive  at  Camborne,  which  drove 
from  there  to  Plymouth,  a  distance  of  90  miles,  before  being 
shipped  there  for  London,  where  its  powers  were  publicly 
exhibited  for  some  time. 

In  1813,  Hedley  patented  a  locomotive  with  smooth  wheels 
to  work  on  a  smooth  rail.  Hitherto,  it  had  been  generally 
supposed  that  rack  or  toothed  rails  and  wheels  were  necessary  in 
order  that  the  locomotive  might  be  able  to  draw  a  sufficient  load, 
but  Hedley 's  one  drew  eight  loaded  coal  waggons  at  a  speed  of 
5  miles  an  hour,  with  a  steam  pressure  of  50  lbs.  on  the  square 
inch.  He  it  was  who  first  turned  the  exhaust  pipe  up  the 
chimney  and  contracted  its  end,  in  order  to  intensify  the  draught 
in  the  fire  and  flues. 

In  1814,  George  Stephenson  (who  gave  the  real  practical 
start  to  the  locomotive)  built  his  first  engine  at  Killingworth.  * 
For  the  next  fifteen  years,  Stephenson,  as  well  as  several  other 
engineers,  worked  most  earnestly  at  making  and  perfecting  the 
locomotive,  until,  in  1829,  the  famous  competition  trial,  under 
certain  stipulated  conditions,  took  place  between  (1)  the  "Aovelty," 
constructed  by  Messrs.  Braithwaite  &  Ericsson  (the  latter  being 
the  person  who  first  successfully  introduced  the  screw  propeller), 
(2)  the  " Sanspariel"  by  Hackworth,  (3)  the  " Perseverance"  by 
Burnstall,  and  (4)  the  "  Rocket*  by  Stephenson,  when  the  last 
proved  the  most  successful  engine,  far  exceeding  even  the  moat 
sanguine  expectations  of  its  designer. 

*  See  Lift  of  Oeorge  Stephenson,  by  Smiles. 
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From  1829,  until  the  present  date,  the  history  of  the 
locomotive  is  a  vast  series  of  improvements  in  details,  far  too 
varied  and  numerous  for  us  to  mention  here,  until  now  it  is 
one  of  the  most  perfect  and  beautiful  of  all  the  machines  with 
which  the  engineer  has  to  deal,  and  of  which  he  is  justly 
proud. 


The  "  Rocket,"  1829.  * 


Express-Passenger  Caledonian  Locomotive.  * 
From  R&nkioe's  Steam  Engine  (Chas.  Griffin  &  Co.,  London). 
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Express  Passenger  Locomotive. — As  an  example  of  the  mere 
outward  form  of  an  Express  Passenger  Locomotive  at  present 
in  use  on  the  Caledonian  Bail  way,  we  insert  the  preceding 
figure  in  order  that  the  student  may  compare  it  with  the 
"Rocket." 

It  is  similar  in  general  design  to  the  engine  illustrated  in  the 
following  folding  page.  The  student  should  first  thoroughly  master 
the  detailed  index  of  parts,  together  with  the  drawings,  and  then 
carefully  compare  them  with  the  several  details  in  the  selected 
extracts  from  the  Specification,  to  which  the  engine  was  built 
and  finished  only  last  year. 


INDEX  OF  PARTS  TO  THE  LOCOMOTIVE. 

Note.—  As  a  guide  to  finding  several  of  the  parts  on  the  FOLDING 
PLATE,  as  well  as  on  the  separate  sketches,  the  words,  side  view,  end  view9 
plan  or  seperate  sketches  {under  specification),  have  been  added  in  the  following 
index,  in  italics  and  within  brackets. 


FD, 


FDH, 
FB, 


AP, 
AH, 
B, 
DP, 

BA, 


COMBUSTION  AND  HEATING  ARRANGEMENTS. 

{See  also  separate  Detail  Sketches  of  Boiler). 

for  Fire  Door  (on  side  and 

end  views).  The  accom- 
panying figure  shows 

the  method  of  opening 

and  shutting  the  same 

by  the  handle. 
„  Fire-door  Handle. 
„  Fire  Bars,  on  which  the 

coals  are  placed,  with 

spaces  between  them 

to  allow  air  to  pass  up 

through  the  coals  and 

cause  combustion,  and 

to  allow  ashes  to  fall 

into  the  ashpan. 
,,  Ash  Pan  (side  and  end 

views). 
„  Ash-pan    Handle    (end 

view  near  T  W  S). 
„  Bearers   for   supporting 

F  B  at  both  ends. 
„  Deflector  Plate,  for  de 


Fire  Doob  and  Handle. 


fleeting  the  gases  as  they  rise  from  the  coals,  and  causing 
them  to  mix  properly,  thus  ensuring  a  more  complete  con- 
sumption of  the  smoke. 
Brick  Arch,  also  for  deflecting  the  gases  and  preventing  them 
from  rushing  along  the  tubes  as  they  rise  from  the  coals. 
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F  Bxt  for  Fire  Box,  in  which  the  products  of  combustion  should  assume  the 
form  of  a  colourless  gas.  Its  sides  are  usually  made  of  copper, 
as  then  they  transmit  the  heat  to  the  water  more  quickly  than 
they  would  if  made  of  iron,  and  resist  better  the  action  of  the 
fire. 

FTP,  „  Fire-box  Tube  Plate  (on  side  and  end  views). 

T,  „  Tubes,  along  which  the  heated  gases  pass  on  their  way  to  the 

chimney,  heating  the  water  which  surrounds  them.     They  are 
fixed  at  the  one  end  to  F  Bx,  and  at  the  othor  to  S  B. 

T  P,      „  Smoke-box  Tube  Plate  (on  side  view  and  flan). 

SB,       ,,  Smoke  Box,  from  which  the  smoke  passes  on  through — 

S  A,  „  Spark  Arrester.  It  prevents  the  sparks  falling  into  the  Steam 
Exhaust  Pipe,  and  getting  outside. 

Cy,        „  Chimney. 

SBD,  „  Smoke-box  Door,  which  admits  of  access  to  the  Boiler  Tubes  and 
Steam  Pipes. 

S  B  H,  „  Smoke-box  JDoor  Handles,  for  fastening  and  securing  the  Smoke- 
box  Door.  The  inner  one  is  first  screwed  up,  and  then  the 
outer  one,  so  as  to  act  like  a  jam  or  lock  nut 
Steam  Blower  Pipe,  for  causing  a  draught  when  getting  up 
steam  pressure  in  the  boiler.  It  can  be  opened  at  pleasure  by 
the  driver  working — 

8  B  W,  „  Steam  Blower  Wheel,  placed  in  C  A  B  (on  end  vieu>). 

BOILER. 
(See  also  Detail  Sketches). 

OS,  for  Outer  Shell,  in  three  lengths,  front,  middle,  and  fire-box 
shell.  The  front  is  secured  to  the  smoke-box  tube  plate, 
T  P,  by  an  outside  cylindrical  angle  iron.  The  middle  length 
is  also  cylindrical,  and  is  attached  to  the  front  length  by  a 
lap  joint.  The  fire-box  shell  is  cylindrical  on  the  top,  but 
flat  on  the  side,  to  allow  of  its  going  between  the  main- 
frames, M  F.  It  is  secured  to  the  middle  length  by  a  lap 
joint. 

S  D,  „  Steam  Dome  (on  side  and  end  views).  It  is  placed  on  the  top  of 
the  outer  shell  of  the  boiler,  and  is  used  for  collecting  dry 
steam,  and  for  holding  the  steam  regulator. 

W  L,  „  Wood  Lagging.  The  boiler  is  covered  all  round  the  barrel  with 
wood  lagging;  sheathed  over  with  sheet  iron  to  prevent 
radiation  of  heat. 

CS,         „  Copper    Stays    (on 
end  view),    for 
securing  theouter 
shell  of  the  fire  ££££S^ 
box  to  the  inside 


fire  box,  and  thus  or£*»r* 

strengthening 

both    of    them. 

[We  illustrated 

and  explamedthis 

stay    in    Lecture  Li  p/sjocrun. 

XXIX.   p.    341.  ouwxnm. 

See  also  sketch  of  LocotnoHv  •  Boiler  and  the  above  figure). 
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F  B  R  S,for  Fire-box  Roof  Stays,  for  preventing  the  flat  roof  of  the  copper 

box  from  collapsing. 
S  S,         „  Sling  Stays,  which  are  attached  by  pins  tuFBRS,  and  also 

to  angle  irons  riveted  to  the  roof  of  outer  shell,  thus  causing 

the  weight  of  the  fire  box  to  be  carried  by  the  outer  shell, 

and  bracing  the  two  together. 
L  S,         ,,  Longitudinal  Stays  (on  side  and  end  views),  for  staying  together, 

smoke-box  tube  plate,  and  back  plate  of  fire-box  shell. 
Pm  S,     ,,  Palm  Stay  (on  side  view,  and  also  on  separate  sketdi  of  boiler), 

to  support  fire-box  tube  plate,  FTP. 
FEB,     ,,  Fire-box  Expansion  Bracket  (on  end  view  and  separate  sketch  of 

boiler).    This  forms  a  support  for  boiler,  and  at  the  same  time 

allows  for  any  expansion  caused  by  heat. 
F  P  C,     „  Fusible  Plug,  for  tire-box  Crown  (sep  irate  sketch  of  boiler). 
WP,        „  Washout  Plugs  (se parate  sketch  of  boiler). 

STEAM  REGULATING  GEAR. 

(Shown  also  on  Boiler  and  Detail  Sketches  under  Specification.) 

SRH,   for  Steam  Regulator  Handle. 

R  S  B,     „  Regulator  Stuffing  Box. 

S  R  R,  ,,  Steam  Regulator  Rod.  The  end  of  this  rod  inside  the  boiler  u 
supported  by  a  footstep  as  shown. 

C  L,         ,,  Connecting  Link  between  S  R  R  and  S  R  V  for  actuating — 

S  R  V,  „  Steam  Regulator  Valve,  for  governing  the  admission  of  steam 
from  the  steam  dome  to  the  cylinders. 

R  V,  „  Relieving  Valve,  for  relieving  the  full  pressure  of  steam  from 
S  R  V,  and  thus  rendering  it  easily  opened,  as  well  as  to  allow 
the  driver  to  start  the  locomotive  gently.  R  V  works  directly 
on  the  back  of  S  R  V.     It  opens  first  and  shuts  last. 

SRP,     ,,  Steam  Regulator  Pipe  made  of  cast  iron. 

C  I  S  P,  ,,  Copper  Internal  Steam  Pipe. 

SPC,     „  Steam  Pipe  to  Cylinder  Valve  Chests. 

SEP,     „  Steam  Exhaust  Pipe  or  "Blast  Pipe." 

SAFETY  VALVE   GEAR. 

(Shown  also  on  Boiler  and  Detail  Sketclies  under  Specification.) 

R  S  V,    for  Ramsbottom  Safety  Valves  (side  and  end  views). 

S  V  S,     „  Safety  Valve  Seat,  which  is  bolted  to  a  man-hole,  formed  on 

the  top  of  the  outer  shell  of  fire  box. 
BV,        „  Brass  Valves. 
R  H,        „  Relieving  Handle,  which  extends  into  CAB.    The  driver,  by 

pulling  or  pushing  the  end  of  this  lever,  can  let  steam  escape 

from  one  or  other  of  the  safety  valves  at  pleasure,  or  ascertain 

that  they  are  not  sticking  in  their  seats. 

CYLINDER  GEAR. 

xSee  also  Detail  Sketclus  under  Specification.) 

S  P,        for  Steam  Ports  of  Cylinders  (side  view  and  plan). 
C,  „  Cylinders  (on  side  view  and  plan). 
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E  P,       for  Exhaust  Ports  of  Cylinders  (on  side  view  and  plan). 

SEtP,  „  Steam  Exhaust  Pipe,  by  which  the  steam  passes  from  the 
exhaust  port,  E  P,  up  the  chimney  to  the  open  air,  creating 
the  characteristic  noise  of  a  locomotive,  and  causing  a  partial 
vacuum  below;  thus  inducing  a  draught  from  the  fire  box 
through  the  tubes,  and  maintaining  a  lively  combustion  of  the 
coal 

P,  „  Piston  (on  plan). 

FCC,    „  Front  Cylinder  Cover  (on plan). 

BCC,    „  Back  Cylinder  Cover  (on  plan). 

CSB,     „  Cylinder  Stuffing  Box  (on  plan). 

V  C,        „  Valve  Chest  of  Cylinder  (on  side  view  and  plan). 

V  C  C,    „  Valve  Chest  Cover  (on  side  view  and  plan). 

W  C,  „  Water  Cock  for  blowing  off  water  from  cylinders  and  valve 
chests  (on  side  view). 

WCR,  „  Water  Cock  Rod,  so  connected  as  to  open  or  close  all  the  water 
or  "pet  cocks"  of  both  cylinders  and  both  valve  chests  at 
the  same  time.     It  leads  to  the  starting  platform. 

SLIDE  VALVE   MOTION  GEAR. 
(See  also  Detail  Sketches  under  Specification.) 

V,  for  Slide  Valve. 

V  S,         ,,  Slide  Valve  Spindle  and  Buckle. 
VSB,     „  Slide  Valve  Spindle  Stuffing  Box. 

VCR,    M  Slide  Valve  Connecting  Rod  (on  side  view  and  plan). 

V  C  G,    „  Slide  Valve  Connecting  Rod  Guide  (on  side  view  and  plan), 
L,  ,,  Link  of  Link  Motion. 

FER,     ,,  Forward  Eccentric  Rod  (side  view  and  plan). 

BER,     ,,  Backward  Eccentric  Rod  (*ide  view  and  plan). 

E  S,         ,,  Eccentric  Straps  (sitle  view  and  plan). 

E  P,         „  Eccentric  Pulleys,  keyed  on  to  driving  axle,  D  A. 

R  L  L,     „  Reversing  Lifting  Links  (on  side  view  and  plan). 

RL,         ,,  Reversing  Lever  (on  side  view  and  plan). 

RML,    ,,  Reversing  Motion  Lever,  which  is  fixed  to  the  same  shaft  as 

R  L,  thus  forming  a  bell-crank  lever. 
B  W,        ,,  Balance  Weight,  to  act  as  a  counterpoise  to  the  weight  of  link, 

L,  eccentric  rods,  FER  and  BER,  &c.  (side  view  ami  plan). 
R  M  R,    ,,  Reversing  Motion  hod,  which  transmits  the  motion  between 
RM,       ,,  Reversing  Motion  Handle,  Bracket,  and  Screw  and  R  M  L  (on 

side  and  end  view). 
R  S,        „  Reversing  Shaft  (on  side  view  and  plan). 

MAIN    DRIVING    GEAR. 

(See  also  Detail  Sketches  under  Specification). 

P  R,  for  Piston  Rod. 

CH,  „  Piston  Rod  CrossheacL 

C  R,  „  Connecting  Rod  (on  plan). 

C  P,  „  Crank  Pin  (on  plan). 

CgR,  „  Coupling  Rod  (on  plan  and  end  view), 

SBk,  „  Slide  Blocks  (on  plan). 

S  Br,  „  Slide  Bars  (on  side  view  and  plan). 
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D  A,  for  Driving  Axle  (on  side  view  and  plan), 

T  A,  ,,  Trailing  Axle  {on  side  view  and  plan). 

A  B,  „  Axle  Box  (on  side  view  and  plan), 

ABG,  ,,  Axle-box  Guides  (oft  side  view  and  plan). 

A  W,  „  Axle-box  Wedge  (on  plan), 

DW,  „  Driving  Wheel. 

O  S,  „  Driving-wheel  Spokes  (on  plan), 

0  B,  „  Driving-wheel  Boss  (on  plan). 

OBW,  „  Driving-wheel  Balance  Weight  (on  plan). 

Tr,  „  Tyre  (on  plan). 

DWS,  „  Driving-wheel  Splasher  (plan  and  end  view*)* 

TW,  „  Trailing  Wheel. 

rWS,  „  Trailing-wheel  Splasher. 

R,  „  Bails  (on  end  view  only). 

MAIN  SPRINGS. 

S,  for  Springs,  for  taking  up  the  vibrations  of  the  engine  (on  side  view 

and  plan). 
SLB,     ,,  Spring  Link  Brackets  (on  side  view). 
SB,         „  Spring  Buckles. 

BOGIE. 

B  C,  for  Bogie  Centre,  which  works  in  the  turn-table,  BTT,  and  allows 
of  the  necessary  side  motion  (14  inches)  when  the  Locomotive 
is  turning  curves.  It  is  kept  from  shaking  by  springs  fixed  oa 
each  side  of  it 

BCP,    „  Bogie  Centre  Pin  (on  side  view). 

BTT,    ,,  Bogie  Turn-table  (on  side  view). 

BF,         „  Bogie  Framing  (on  side  view  and  plan). 

B  T  B,    ,,  Bogie  Tie-bars,  for  tieing  bogie  frames  together; 

B  L  A,     ,,  Bogie  Leading  Axle  (side  view  and  plan), 

B  T  A,    „  Bogie  Trailing  Axle  (side  view  and  plan). 

FEED  WATER  GEAR. 

I S  V,     for  Injector  Steam  Valve  (on  side  view  below  whistle). 

1  S  H,      „  Injector  Steam  Valve  Handle  (in  C  A  B  on  side  and  end  views), 
S  S  P,     „  Injector  Steam  Supply  Pipe  (on  side  and  end  views). 

I,  „  Injector.     Two  of  these  are  provided,  for  forcing  water  into  the 

boiler  (on  side  and  end  views). 
O,  ,,  Injector  Overflow  Pipe  (on  end  view). 

F  W  C,    „  Feed  Water  Cock  (on  side  view  and  plan). 
FWCR,,,  Feed  Water  Cock  Rod  (on  side  and  end  views). 
WCH,   „  Feed  Water  Cock  Handle. 
ISP,       „  Injector  Suction  Pipe  (on  end  view). 
WCC,   „   Feed  Water  Cock  Carrier  (on  end  view). 
F  W  P,    „  Feed  Water  Pipes,  to  boiler  from  injector  (on  side  view),  cne  on 

each  side  of  boiler  from  the  two  injectors. 
C  B,        „  Clack  Box,  connecting  the  feed  water  pipes  to  the  boiler,  and 

preventing  the  water  coming  back  (on  side  view). 
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STEAM  BRAKE  GEAR. 

SBC,  for  Steam  Brake  Cylinder,  and  piston  rod  {side  view,  right-hand  end). 

S  B  V,  „  Steam  Brake  Valve  (on  side  and  end  views). 

BSP,  ,,  Brake  Steam  Pipe,  to  engine  brake  cylinder  (on  side  andend  views), 

B  S  T,  „  Brake  Steam  Pipe  to  tender  steam  brake  cylinder. 

S  B  S,  „  Steam  Brake  Shaft. 

BSB,  ,,  Steam  Brake  Shaft  Bush  {on  side  and  end  views). 

BL,  ,,  Brake  Lever. 

BR,  „  Brake  Rods. 

BOB,  ,,  Brake  Cross  Beam. 

BBL,  „  Brake  Block  Lever  {on  side  view  and  plan). 

B  B,  , ,  Brake  Blocks  {on  side  view  and  plan). 

SANDING  GEAR. 

DSP,    for  Driving-wheel  Sand  Pipe,  for  distributing  sand  on  the  rail 

{side  and  end  views). 
TSP,     „  Trailing- wheel  Sand  Pipe  {on  side  and  end  views). 
S  Bx,      „  Sand  Box,  for  holding  the  sand  which  is  distributed  on  the  rails 

when  starting,  or  when  they  are  greasy,  and  sometimes  when 

the  brake  blocks  have  to  be  applied. 
S  Bx  C,  „  Sand-box  Cover  {on  end  view  and  plan). 
SLR,     .,   Sand  Lever  Bod,   for    valve  placed  in  sand  box  {end  view) 

aboveTWS. 

GENERAL  FRAMING. 

B  B,       for  Buffers  {at  front  end  on  side  view  and  plan). 

OH,        ,,  Draw  Hook  {at  front  end  on  side  view  and  plan). 

S  C,        „  Screw  Coupling  {at  front  end  on  side  view  and  plan). 

B  Bm,     „  Buffer  Beam  {at  front  end  on  side  view  and  plan). 

MF,  „  Main  Side  Framing  of  Engine  in  one  piece  from  end  to  end,  on 
each  side. 

MTP,    „  Main  Tie  Plates,  for  tying  M  F  together. 

F  P,         „  Front  Platform  {aide  view  and  plan). 

S  P,         „  Side  Platform  {end  view  and  plan). 

HP,        „  Hind  Platform  {side  view  and  plan). 

SPS,     „  Side  Platform  Support  {on  end  view). 

BS,         „  BackSteps. 

C  I  F,  „  Cast-iron  Footplate,  used  for  equalising  the  weight  over  the 
wheels,  and  for  strengthening  the  side  frames.  On  the  lower 
side  of  C  I  F  is  fixed  the  steam  brake  cylinder  SBC. 

O  B,        „  Draw  Bar  (at  back  end  on  side  view  and  jrfan,  also  end  view). 

S  L,         „  Safety  Link  {at  back  end  on  side  view  and  plan,  also  end  view). 

MISCELLANEOUS  MOUNTINGS. 
W,  for  Whistle  {side  view). 

WH,       „  Whistle  Handle  {on  side  and  end  views). 
GGC,    „  Glass  Gauge  Cocks  {end  view).    There  are  two  sets  of  these 

lest  anything  should  go  wrong  with  one  set. 
P  Q,         „  Pressure  Gauge  {on  side  and  end  views). 
H  R,        , ,  Handrail  {on  side  view  above  S  A,  and  end  view  above  D  W  S). 
O  C,        „  Oil  Cups,  in  various  places,  wherever  required. 
CAB,    ,,  Cab  for  Driver  {side  and  end  views). 
CW,       „  Cab  Window  {end  view). 
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EXTRACTS   FROM   SPECIFICATION 

Of 

FOUR-WHEELS  COUPLED,   BOGIE,  EXPRESS  ENGINES. 

Constructed  by  Messrs.  Dubs  4;  Co.,  Glasgow  Locomotive  Works, 
por  the  London,  Chatham,  and  Dover  Railway  Company. 

Principal  Dimensions. 

Ft  Inc. 

Inside  diameter  of  cylinders, 1  54 

Stroke  of  piston, 2  2 

Length  of  boiler  barrel,      .        .                 .        ....  20  3 

Diameter      „         ,,      outside, .......  4  3 

Length  of  fire-box  shell  outside, 5  9 

Width            „          „    at  bottom, 3  11 

Number  of  tabes,  199. 

Diameter     „       outside, 0  1] 

Height  of  centre  of  boiler  from  rails, 7  2 

Length  of  engine,  frame, 27  0 

Thickness      ,,            „                        0  1 

Distance  between      „ 4*0 

^rrofS|whr1"on1T1iooupled'    ■    •    ■    •    • 

,,            bogie          „             , 3       6 

Wheel  base,  total  from  front  to  hind  wheels,     ....  21        04 

Centres  of  bogie  wheels, 5        9 

Centre  of  bogie  to  centre  of  driving  wheels,  9  10 

„       driving        „         trailing      „             ....  8        4 

Height  of  centre  of  buffer  from  rails, 3        5 

Working  steam  pressure, 140  lbs.  per  sq.  in. 

Testing  pressure  (with  warm  water), ....       200      „  „ 

(In  reading  the  following  descriptive  specification  of  boiler,  <fcc.,  refer  to 
folding  plate  and  views,  pp.  364  to  378). 

Boiler. — The  barrel,  dome,  fire-box  casing,  tube  plates,  all  angle  irons, 
rivets,  and  stays  were  made  of  Lowmoor  iron.  The  barrel  is  telescopic,  and 
made  in  two  plates,  the  circumferential  seams  being  single  riveted,  and  the 
longitudinal  seams  butt  jointed  with  inside  and  outside  strips,  double 
riveted.  The  tube  plate  is  attached  to  barrel  by  a  ring  of  angle  iron, 
bored,  faced,  turned  on  edges  and  shrunk  on,  and  zigzag  riveted  to  both. 
The  dome  is  in  one  plate,  welded  at  the  seam,  and  flanged  at  the  bottom  to 
fit  barrel,  to  which  it  is  double  riveted.  A  strengthening  liner  plate  is 
placed  inside  the  barrel,  round  the  opening  for  the  dome.  The  top  has  an 
angle  iron  ring  riveted  to  it,  and  is  fitted  with  a  strong  wrought-iron 
cover,  the  cover  and  angle  iron  being  accurately  faced  so  as  to  make  a 
perfectly  steam-tight  joint. 

The  tire-box  shell  was  made  as  shown,  the  sides  and  top  being  in  one 
plate.    The  front  or  throat  plate  was  flanged  forward  and  single  riveted  to 
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the  barrel,  and  the  back  plate  to  the  sides  and  top  as  shown.  Angle  irons 
for  carrying  the  sling  stays  were  riveted  to  the  top  in  the  position  shown. 

The  manhole  is  of  wrought-iron,  flanged  top  and  bottom,  and  single 
riveted  to  the  casing,  the  top  flange  being  accurately  faced  to  receive  the 
safety  valves.  The  boiler  is  stayed  by  six  longitudinal  stays,  screwed  into 
the  back  plate  of  casing,  and  passing  through  the  smoke-box  tube  plate, 
with  nut  and  washer  on  either  side.  The  back  plate  is  strengthened,  where 
the  stays  pass  through,  by  a  liner  plate  riveted  to  it  on  the  inside.  The 
longitudinal  stays  are  supported  in  the  middle  of  their  length,  in  the 
manner  shown.  The  fire  hole  is  circular.  The  ring  of  the  section  shown 
is  of  Yorkshire  iron,  and  riveted  to  the  casing  and  lire-box  plates.  The 
foundation  ring  is  also  of  Yorkshire  iron,  with  the  corners  of  the  form 
shown,  carefully  riveted  bo  as  to  be  thoroughly  tight.  Twenty -one  brass 
taper  mud-plugs  were  fitted  in  suitable  iiositaons  for  washing  out  purposes. 

Fire  Box.— The  fire-box  plates  and  stays  are  of  copner  of  the  very 
best  quality.  The  plates  were  annealed,  both  before  and  after  flanging; 
and  strips  were  cut  off  and  tested  by  being  doubled  cold,  without  showing 
any  sign  of  fracture.  They  were  also  analysed,  and  found  to  contain  less 
than  *5  per  cent  of  impurities.  The  sides  and  crown  are  in  one  plate. 
The  crown  is  curved  as  shown,  and  stayed  with  eight  Yorkshire  iron  roof 
bars  of  the  section  shown,  each  secured  by  thirteen  studs  1  inch  diameter, 
screwed  through  the  crown  x>late  into  the  bar,  with  nut  on  the  underside 
of  plate.  Six  of  the  roof  bars  are  connected  to  the  angle  irons  on  the  casing 
plate  by  twelve  sling  stays  of  Yorkshire  iron.  Great  care  was  taken  to  bed 
the  ends  of  the  roof  bars  accurately  on  the  fire-box  plates,  and  to  see  that 
the  sling  stays  were  of  the  correct  length  and  bearing  on  the  pins,  top  and 
bottom. 

The  tube  plate  is  stayed  to  the  barrel  by  six  1-inch  copper  stays,  screwed 
through  the  plate  into  nalrn  stays  riveted  to  the  barrel.  The  copper  stays 
were  screwed  tightly  into  the  fire  box  and  casing  plates,  and  neatly 
riveted  over,  the  thread  being  turned  off  the  part  between  the  plates  (see 
Fig.,  p.  357).  A  brass  plug  with  fusible  centre  was  inserted  in  the  crown  of 
the  fire  box.  A  brick  arch  was  built  in  the  fire  box  and  supported  on  studs 
in  the  manner  shown.  The  fire  box  back  plate  was  dished  at  fire  hole  to 
meet  the  ring  and  the  fire  hole  fitted  with  an  air  deflector  scoop,  and 
sliding  doors,  in  the  manner  shown  on  the  drawings  (see  p.  356). 

The  fire  grate  consists  of  nineteen  wrought-iron  hre  bars,  and  two  cast-iron 
fire  bars  of  the  section  shown,  supported  on  two  cast-iron  comb-bar  bearers 
by  four  wrought-iron  brackets,  studded  to  foundation  ring.  The  fire  box 
is  riveted  with  the  best  Yorkshire  iron  rivets. 

All  the  plates  were  planed  or  turned  on  the  edges  before  being  put 
together.  The  holes  were  drilled  and  rimmed  out  perfectly  fair  with  each 
other  in  all  plates  and  angle  irons.  Before  being  lagged  the  boiler  was 
tested  to  a  pressure  of  200  lbs.  per  square  inch  with  warm  water,  and  after- 
wards to  160  lbs.  per  square  inch  with  steam,  and  found  to  be  perfectly 
tight  under  these  pressures. 

Tubes.— The  tubes  are  of  copper,  solid  drawn,  No.  9  B.W.G.  at  the  fire- 
box end,  tapering  to  12  B.W.G.  at  the  smoke- box  end.  They  were  secured 
by  a  roller  tube  expander  aod  fixed  with  ferrules  at  the  fire-  box  end.  ^  The 
ferrules  were  of  ferrule  steel,  and  were  put  into  the  tubes  a  tight  driving 
fit    The  tubes  project  through  the  smoke-box  tube  plate  about  ^  inch. 

Smoke  Box  and  Spark  Arrester.— The  plates  for  smoke  box  and 
door  are  of  BB  Staffordshire  iron,  having  a  perfectly  smooth  surface.  The 
rivets  were  countersunk  outside  and  filed  smooth.  Wrought-iron  liners 
were  placed  against  the  tube  plate,  and  the  sides,  and  front  of  smoke  box. 
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The  door  was  dished,  as  shown  on  drawings,  and  fitted  with  baffle  plates 
and  suitable  dart,  handles,  and  hinges  ;  the  latter  were  finished  bright. 

A  wrought-iron  grate  for  arresting  sparks  is  supported  in  the  smoke  box 
in  a  horizontal  position,  just  below  top  of  blast  pipe. 

Dimensions  of  Smoki  Box,  <fcc. 

Ft  Ion. 

Length  of  smoke  box  (inside) 2        8 £ 

Width  on  centre  line  of  boiler  (inside), 4  11 

Thickness  of  plates, 0        0} 

Section  of  angle  iron  (24  in.  by  2}  in.  by  \  in.) 
,,  ring  round  door  hole  (3  in.  by  f  in.) 

Diameter  of  rivets, 0        0| 

Pitch  of  rivets about  0        3 

Chimney. — The  chimney  is  of  BB  Staffordshire  iron,  jointed  with  a 
butt  strip,  and  the  rivets  countersunk,  and  filed  smooth  on  the  outside. 
The  bottom  was  carefully  fitted  to  smoke  box.  The  top  is  of  cast  iron,  of 
the  shape  shown  in  the  drawing. 

Dimensions  of  Chimney. 

Ft.     In«. 

Height  of  top  of  chimney  from  rail, 13      3} 

Diameter  inside  at  top, 16 

„  „         bottom, 15 

Thickness  of  plates, 0      0J 


Regulator  for  Dubs  &  Co.'s  Locomotive. 
Regulator  and  Steam  Pipes.— The  regulator  is  of  cast  iron,  and 
the  head  fitted  with  double  valves.     The  steam  pipes  are  of  copper  sheets, 
hard  soldered  together  in  the  inside.     The  flanges  and  cone  are  of  brass. 
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The  steam  pipe  in  the  boiler  is  fixed  to  the  tube  plate  by  a  turned  ferrule 
of  the  best  steel,  and  to  the  regulator  by  means  of  three  claw  bolts. 


Dimensions  of  Regulator,  <kc. 


Diameter  of  steam  pipes  (inside), 
Thickness        „        „     (N0.7B.W.G.) 


Ft       Ids. 

0     44 


Exhaust  or  Blast  Pipe.— The  blast 
pipe  to  be  of  cast  iron,  the  top  to  be 
turned  and  bored  to  the  form  shown 
(in  side  view  of  folding  plate  and  end 
view  of  boiler  smoke  box,  p.  365). 

Dimensions  of  Exhaust  Pipe. 

Ft  Inn. 
Diameter  of  blast  orifice,.  .  0  4} 
Height  of  blast  pipe  above  top 

row  of  tubes,      .        .        .02 

Safety  Valves.— These  are  of  the 
kind  known  as  "  Ramsbottom's  duplex  " 
safety  valves.  They  are  fixed  on  the 
firebox  casing.  The  columns  are  of 
brass  turned  bright,  fixed  on  a  cast-iron 
man-hole  cover.  The  springs  were  set 
so  as  to  blow  off  at  140  lbs.  per  square 
inch.  All  the  joints  were  accurately 
faced,  and  found  to  be  perfectly  steam- 
tight. 

Dimensions  of  Safety  Valves* 

Ft   Ins. 
Diameter  of  valves,        .        .    0    34 
Distance  apart  of  columns,     .     0  10A 
Height  of  brass  columns,        .     1     Of 
Diameter  of  spring  steel,        .    0    0|f 

,,        man-hole  cover, .     1    6 
Thickness  of  seat,  .        .        .    0    1J 

Frames. — Inside  frames  and  front 
buffer  plate  are  of  Bessemer  steel  solid 
rolled.  The  plates  were  planed  all  over  on  the  inner  side,  and  the  outer 
side  was  finished  with  a  good  smooth  surface.  All  holes  were  marked  from 
one  template,  and  drilled  and  rhymed  out  to  the  exact  size  given. 

The  frames  are  set  in,  and  thoroughly  well  stayed  together  by  the  buffer 
plate,  and  with  plates  and  angle  irons  at  the  leading  end  in  the  manner 
shown  on  drawings.  The  front  foot-plate  is  thinned  at  the  edges.  A  plate 
is  placed  horizontally  under  the  cylinders  to  carry  the  bogie  pin,  and  was 
firmly  bolted  to  angle  irons  on  the  frames.  A  transverse  stay  arranged  to 
carry  the  back  ends  of  motion  bars  and  the  intermediate  spindle  guides,  and 
a  vertical  stay  in  front  of  the  fire-box  casing  is  fixed  in  the  position  shown. 
Over  the  trailing  axle  a  horizontal  flanged  stay  is  securely  bolted  to  the 
frames,  and  at  the  hind  end  of  frames  is  placed  a  cast-iron  foot-plate 
arranged  for  the  tender  couplings.    All  these  stay  plates  and  angle  irons 


PLAN. 


Ramsbottom's  Safety  Valve  for 
Dubs  &  Co.'s  Locomotive. 
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are  of  BB  Staffordshire  iron.  The  casting  and  the  transverse  stays  are 
securely  fastened  to  the  frames,  the  former  by  turned  bolts,  and  the  latter 
by  cold  turned  rivets  of  Lowmoor  iron.  The  rubbing  pieces  for  tender 
buffers  were  well  case-hardened.  When  finished,  the  frames  were  adjusted 
perfectly  true  and  square  in  all  directions.  The  foot-plate  is  of  steel,  of  the 
same  make  as  the  frames,  and  the  rivets  are  counter-sunk  on  the  top. 
Guard  bars  of  the  form  shown  are  securely  bolted  to  the  frames  and  buffer 
plate. 

Dimensions  of  Frames. 

Ft  Ins. 

Thickness  of  frames  (finished), 0        1 

Depth  over  leading  bogie  wheel 13 

,,      between  cylinders  and  driving  horns,     .        .         .  1 

„      between  driving  and  trailing  wheels  (open),   .         .  1 

Greatest  depth  of  plates, 2 

Distance  from  centre  of  bogie  to  front  end  of  frame,  .  4  10' 

,,  „  ,,     to  centre  of  driving  axle,    .  9  10 

„  „     driving  axle  to  centre  of  trailing  axle,  8  4 

,,  „      trailing  axle  to  hind  end  of  frame,  .  4  0 

Extreme  length  of  plates, 27  0 

Distance  from  centre  of  driving  axle  to  front  of  fire-box 

casing, .1  10$ 

Distance  between  frames  at  leading  ends,  ...  3  9 

„  ,,  from  cylinders  to  trailing  end,  .  4  0 

Height  of  top  of  frame  from  rail, 4  1} 

Depth  of  buffer  plate, 13. 

Length  „  7  6 

Thickness        „  0  U  steeL 

Thickness  of  foot-plate, 0  Oj    , f 

Extreme  width  of  foot-plate, 7  8 

The  outside  frames  are  of  BB  Staffordshire  angle  iron  (the  step-plates 
being  welded  on),  and  stayed  to  the  inside  frames  as  shown  on  drawings. 
All  the  rivets  are  countersunk  outside. 

Section  of  angle  iron  for  outside  frames  3  in.  by  24  in.  by  A  m* 

Buffers  and  Draw  Gear.— The  buffers  have  wrought-iron  cases  and 
plungers,  with  Timmis'  unequal  section  steel  springs. 

The  draw  bar  is  of  best  chain  cable  iron,  so  arranged  as  to  radiate.  It  is 
fitted  with  a  screw  coupling  of  the  same  quality  of  iron,  and  has  an  india- 
rubber  spring. 

Dimensions  for  Buffers  and  Draw  Bar. 

Height  of  centre  line  of  buffers  from  rail 3        5 

Distance  of  centres  of  buffers  apart, 5        8 

Diameter  of  draw  bar 0        2 

Cylinders. — The  cylinders  were  made  of  the  best  close-grained,  hard  and 
strong  cold-blast  cast  iron,  twice  cast,  as  hard  as  could  be  worked,  and  are 
perfectly  free  from  honeycomb  or  other  defects.  They  were  bored  out 
perfectly  true,  the  ends  being  bell-mouthed.  The  cylinders  have  loose 
covers  at  each  end,  the  back  cover  having  provision  for  carrying  the  front 
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Piltoni. — The  pistons  are  of  tough  cast  brass.  They  were  accurately 
fitted  to  cones  on  ends  of  the  piston  rods,  and  fixed  with  nuts  as  shown  on 
drawings.  The  piston  heads  were  turned  -fa  in.  smaller  than  bore  of 
cylinder.  The  packing  rings  are  of  cast  iron,  turned  only  on  the  outside 
and  on  edges,  and  were  made  £  in.  larger  in  diameter  than  cylinder  bore, 
and  then  cut  and  sprung  into  their  places.  When  finished  the  whole  was 
made  an  easy  but  accurate  tit  in  the  cylinder,  so  that  the  piston  and  rod 
could  be  moved  backwards  and  forwards  by  hand. 


Pistons,  Piston  Rods,  Crossheads,  Slide  Bars  and  Slide  Blocks  fob 
Dubs  &  Co.'s  Locomotive. 


Dimensions  ©/  Pistons  and  Piston  Bods, 

Ft      Int. 

Width  of  Piston,  .    0       31 

,,      ofringn,  ...     0        04 

Thickness  of  rings,     .        ,    0        0| 


Ft 
Diameter  of  rod,       .        .    0 
Length,  cone  to  crosshead,  3 
Taper  of  cone  in  piston,  1 

in  3,  No.  of  threads  6  per 

inch  (at  piston  end). 


In* 


Piston  Rods  and  Crossheads—  These  are  of  the  best  mild  cast  steel, 
with  cone  and  nut  for  fixing  to  piston ;  the  crosshead  being  solid  with  the  rod 
as  shown  by  the  accompanying  figures. 

Gudgeon  Pins.— These  are  of  the  best  Yorkshire  iron,  well  case- 
hardened,  nnd  keyed  into  the  crossheads  as  shown. 

Slide  Bars  and  Slide  Blocks.— The  slide  bars  are  of  cast  steel  of  the 
same  kind  as  the  piston  rods,  and  are  provided  with  brass  oil  syphons. 
The  slide  blocks  are  of  the  same  metal  as  tne  cylinders. 

Dimensions  of  Slide  Bars  and  Blocks. 

Ft 

Width  of  slide  bars, 0 

Thickness       „ 0 

Length  „ * 

,,      of  slide  block, I 

Distance  between  slide  bars  vertically 0 

„  „  „        horizontally,  .....  0 


In*. 
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Slide  Valves  and  Valve  Spindles.— The  valves  are  of  phosphor  bronze. 
The  spindle  frames  and  intermediate  spindles  are  of  best  Yorkshire  iron,  of 
the  form  shown  on  drawings,  the  latter  being  well  case-hardened. 

The  intermediate  spindle  guides  are  of  cast  iron,  bashed  with  gun-metal 
bushes,  and  have  oil-boxes  cast  to  them. 

Dimensions  of  Slide  Valves  and  Spindles. 

Ft  Ina. 

Lap  of  valve, 0  1 

Lead  (in  full  sear), 0  0& 

Centre  line  of  valve  above  centre  line  of  cylinder,      ...  0  1 

Diameter  of  valve  spindle, 0  )  f  . 

,,          intermediate  spindle, 0  3  J 

Length  of             „                 ,,       guides, 10 

Valve  Motion. — The  valve  motion  was  made  from  the  best  scrap  iron, 
and  the  working  and  rubbing  surfaces  were  thoroughly  case-hardened,  and 
provided  with  oil  syphons  and  grooves.  The  expansion  link  is  supported 
at  the  top  from  the  forward  eccentric  rod  pin,  the  reversing  shaft  being 
below  the  motion  and  behind  the  link.  The  motion  pins  are  of  the  best 
iron,  thoroughly  case-hardened  and  accurately  fitted.  The  eccentric 
sheaves  are  in  two  pieces,  the  smaller  piece  being  of  best  scrap  iron,  and 
the  larger  piece  of  cylinder  metal.  The  eccentnc  straps  are  of  wrought 
iron,  solid  with  the  rod,  and  are  fitted  with  white  metal  liners  of  the  same 
quality  as  the  connecting-rod  brasses  are  fitted  with. 


OUtCR*M  SHEWING  LINK  MOTION 
IN  FULL  FORWMD  GEM. 
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Dimensions  of  Valve  Motion. 

Ft.  Ica. 

Length  of  expansion  link  between  centre*,        ....  1  44 

,,         eccentric  rods, 4  8 

,,         lifting  links 1  10| 

Diameter  of  motion  pins, Oil 

,,         eccentric  sheaves, ,  1  4j 

Throw                „             „ 0  3j 

Beversing  Gear.— The  reversing  is  performed  by  means  of  a  screw 
arrangement,  firmly  supported  on  the  right-hand  side  of  foot-plate,  as 
shown  by  the  drawings. 

Coupling  Rods.— -These  are  of  Bessemer  steel  of  the  form  shown,  with 
6olid  ends  and  syphons,  and  fitted  with  phosphor-bronze  bushes.  Each  rod 
was  forged  solid  in  one  length,  and  then  finished  bright. 


Coupling  Rods  tor  Dubs  &  Co.'s  Locomotive. 


Dimensions  of  Coupling  Rods. 


Ft     Ins. 
8        4 


Distance  of  centres, 

Section  of  rod,  4 {  ins.  by  If  ins. 

Coupling  Bod  Pins. — These  are  of  wrought  iron  case-hardened,  accur- 
ately turned  to  gauge,  and  exact  duplicates  of  each  other.  They  were 
turned  to  a  taj»er  of  1  in  50  and  forced  into  the  wheels  by  hydraulic 
pressure,  the  inner  end  being  afterwards  riveted  over ;  the  outside  end  of 
pin  is  fitted  with  a  screwed  washer  and  taper  pin. 


Dimensions  of  Coupling  Rod  Pins, 

Ft  Ins. 

Diameter  of  pin, 0        4 

Length  of  bearing, 0        4 

Bogie.— -The  bogie  has  four  wheels  of  the  form  and  dimensions  shown 
on  drawings. 

The  frames  are  of  steel,  raised  as  shown  over  the  axles,  the  inner  sides 
being  planed  all  over,  and  the  outer  sides  where  any  attachment  is  made. 

The  carrying  girder*  are  of  the  best  Yorkshire  angle  iron  bent  round  and 
securely  riveted  to  the  frames,  and  machined  on  the  outer  sides,  clearances 
being  made  where  required.     Steel  bearing  plates  planed  and  scraped  to  a 
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good  working  surface  were  riveted  to  the  angle  irons.  The  ends  of  the 
frames  were  stayed  by  flanged  plates  of  BB  Staffordshire  iron  placed 
vertically,  and  bolted  to  the  frames  by  the  horn  block  bolts.  When 
finished  the  frames  were  adjusted  perfectly  true  and  square. 

The  sliding  block  bears  on  the  steel  plates  and  works  between  the  angle 
irons,  the  side  play  being  controlled  by  Timmis'  unequal  section  steel 
springs.  The  bogie  pin  is  of  wrought  iron,  has  a  projection  on  it  fitting 
into  a  corresponding  hole  in  the  horizontal  plate  under  cylinders  to  which 
it  was  securely  riveted,  and  the  screwed  end  has  a  washer  nnt  secured  by 
a  taper  pin.  The  sliding  block  is  of  crucible  cast  steel,  machined  on  all 
working  and  bearing  parts,  scraped  to  a  good  working  surface  on  the  sliding 
portions,  and  provided  with  fixed  lubricators  and  oil  grooves. 

The  spring  cradles  were  made  of  the  best  Yorkshire  iron,  with  wrought- 
iron  saddle  pieces  at  each  end,  shaped  to  bear  on  the  axle  boxes,  and  fitted 
with  oil  sypnons. 

The  spring  shaft  is  of  the  best  Yorkshire  iron  passing  through  cast  iron 
bushes  in  the  frames,  with  washer  nuts  and  taper  pins  outside  the  spring 
buckles. 

Dimensions  of  Bogie. 

Ft  Ins. 

Bogie  wheel  base, 5  9 

Thickness  of  frames  (finished), 0  0} 

Depth  at  centre, 0  10 

„      at  horns, 17; 

Length  of  frames, 7  6 

Distance  between  frames, 2 

Section  of  angle  iron  for  carrying  girders,  7  in.  by  5)  in.  by  1  in, 
,,        steel  bearing  plates,  6  in.  by  3  in.  by  (  in. 

Length             „                 „ 2  5\ 

Thickness  of  end  stays,      .* 0  04 

Depth               „                0  8 

Total  side  play  of  bogie, 0  1J 

Diameter  of  bogie  pin, 0  64 

,,                  „        at  bottom  end, 0  2J 

Section  of  iron  for  spring  cradles,  5  in.  by  1  in. 

Diameter  of  spring  anaf  t, 0  24 

Diameter  of  check  springs  unloaded, 0  3|| 

Length                „          ~         „ 0  10 

Springs  and  Connections. — The  springs  are  of  the  very  best  spring  steel. 
Before  being  pat  in  position  each  spring  was  fully  tested  until  the  camber 
was  taken  out,  and  tne  spring  found  afterwards  to  resume  its  original  form. 

The  bogie  springs  are  inverted,  the  buckles  being  connected  direct  to  the 
shaft  through  the  bogie  frames ;  the  ends  of  springs  are  connected  to  the 
spring  cradles  by  hooks. 

The  driving  springs  are  underhung,  and  the  buckles  are  connected  to  the 
axle  boxes  by  T-links  as  shown.  The  ends  of  the  driving  springs  are 
connected  to  wronght-iron  liners  on  the  frames  by  adjustable  links.  The 
trailing  springs  are  of  Timmis1  unequal  section  steel  spring,  two  under  each 
axle  box,  arranged  in  the  manner  shown  on  the  drawings. 

All  the  brackets,  links,  hooks,  buckles,  and  pins  connected  with  the 
springs  are  of  the  best  Yorkshire  iron,  and  the  working  surfaces  were 
thoroughly  case-hardened. 
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Dimensions  of  Axle*. 

Bogie  Axles.  ' 

Ft  Ins. 

Diameter  in  middle, 0  5] 

,,         on  wheel  seats, 0  7} 

,,         of  journals, 0  6 

Length  „ 0  9 

Distance  apart  of  centres  of  journals, 3  7 

Crank  Axles. 

Diameter  in  middle, 0  7 

„         on  middle  seats 0  9 

„         of  journals, 0  74 

Length  , 0  74 

Diameter  of  crank  pin  journals, 0  7} 

Distance  apart  of  centres  of  cranks, 2  4 

,,  ,,         journals, 4  0 

Cross  sections  of  crank  arms,  12  in.  by  4J  in.,  and  12  in.,  by  14  i*- 

Throw  of  cranks, 11 

Trailing  Axles. 

Diameter  in  middle, 0        7 

„         on  wheel  seats, 0        9 

„         of  journals, 0 

Length  „  0 

Distance  apart  of  centres  of  journals, 4        0' 

Wheels. — These  are  of  wrought  iron,  of  the  best  materials  and  workman- 
ship, with  solid  rims,  spokes,  bosses,  and  balance  weights.  The  spokes  were 
forced  with  solid  T-ends  and  welded  in  the  centre.  The  surfaces  of  rims 
and  spokes  were  shaped  so  that  the  wheels  exactly  balanced.  Each  wheel 
was  bored  taper  and  put  on  the  axle  (before  the  tyres  were  shrunk  on)  by 
hydraulic  pressure  of  60  tons,  and  then  properly  keyed  on.  Great  care  was 
taken  that  the  keys  fitted  accurately. 

Dimensions  of  Wheels. 

Bogie. 

Ft.     Ins. 

Diameter  on  rim, 3        0 

Width  of  rim, 0        4 

Thickness  of  rim, 0        If 

Number  of  spokes,  10. 
Section  of  spokes  at  boss,  4  in.  by  1 J  in. 
„  rim,  3£  in.  by  H  in. 

Diameter  of  boss, 14 

Width  of  boss, 0        7 

Diameter  of  hole  in  boss, 0        7| 

Driving  and  Trailing. 

Diameter  on  rim, 6        0 

Width  of  rim, 0        4J 
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Ft       Iml 

Thickness  of  rim, 0        1] 

Number  of  spokes,  20. 
Section  of  spokes  at  boss,  4}  in.  by  1  ]  in. 
,,  rim,  3}  in.  by  If  in. 

Diameter  of  boss, 17 

Width  of  boss, 0        74 

Diameter  of  hole  in  boss, ...09 

Centre  of  wheel  to  centre  of  coupling  pin, 0      11 

Wheel  Centres. 

Trailing  to  driving, 8  4 

Driving  to  centre  of  bogie, 0  10 

Bogie  wheel  base 5  9 

Total  wheel  base  of  engine, 21  0} 

Tyres. — These  are  of  crucible  cast  steel,  of  Vickers,  Sons,  &  Co.'s 
Extra  manufacture,  shrunk  on,  and  lixed  to  the  wheel  by  lips  on  the 
outside,  and  by  a  wrought-iron  lip  ring,  to  the  L.  C.  D.  R.  standard  section, 
on  the  inside. 

Dimensions  of  Tyres, 

*"a-  Ft  In* 

Diameter  on  tread, 3  6 

Width 0  5| 

Thickness  (finished), 0  3 

Distance  between  tyres, 4  5} 

Driving  and  Trailing. 

Diameter  on  tread, 6  6 

Width, 0  54 

Thickness  (finished), 0  3 

Distance  between  tyres, 4  5} 

Cab  and  Splashers.— The  cab  and  splashers  are  made  of  best  Stafford- 
shire plate  A  "*•  thick,  the  former  was  fitted  with  two  plate  glass  windows 
in  brass  frames,  and  made  to  open. 

All  rivets  were  countersunk  and  filed  smooth. 

Dimensions  of  Cab. 

Ft       Ins. 

Width  of  cab, 6        6 

Height  at  centre, .70 

Sand  Boxes. — These  were  of  cast  iron,  four  in  number,  and  fitted  with 
valves  and  substantial  gear  for  working  from  foot-plate.  The  leading  boxes 
are  fixed  to  the  splashers  of  driving  wheels,  and  the  valves  are  coupled 
together  so  as  to  work  simultaneously. 

Lagging.— The  boiler  and  fire-box  shell  are  lagged  with  well-Beasoned 
pine,  and  covered  with  smooth  iron  sheets  (14  B.  W.G.),  supported  on  a  light 
wrought-iron  frame,  and  secured  by  belts  in  the  usual  manner. 

Brake. — The  engine  is  fitted  with  a  steam  brake,  arranged  as  shown  on 
the  drawings,  cylinder  10  inches  diameter.  The  brake  shaft,  hangers, 
brackets,  rods,  pins,  crossbars  and  adjusting  screws,  are  of  the  best  scrap 
iron,  the  pins  and  working  surfaces  being  thoroughly  case-hardened. 
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A  cast-iron  brake-block  waa  fitted  to  each  wheel  A  driver's  brake 
valve  is  placed  on  the  back  of  the  tire  box.  The  exhaust  pipe  is  led  into 
the  ashpan. 

Dome  and  Manhole  Casings,  &c— These  are  of  the  form  shown  on 
drawings,  of  charcoal  iron  14  B.  YV.G.  thick,  thoroughly  well-finished.  Brass 
moulding  pieces  are  arranged  round  the  back  of  smoke-box  and  fire-box 
casing. 

Hand  Rail  and  Lamp  Irons.— A  neat  hand  rail  is  provided  round  the 
boiler,  supported  by  polished  wrought-iron  standards. 

Lamp  irons  are  fixed  on  the  smoke-box,  foot-plate,  and  fire-box  casing. 

Injectors.— Two  brass  injectors  (Gresham  and  Craven's  No.  8  pattern) 
are  fixed  on  the  ashpans  in  the  position  shown  at,  I,  (below,  B,  the  forward 
fire-bar  bearer),  on  the  side  view  of  the  folding  plate. 

Boiler  Mountings,  &c— A  brass  seating  is  fitted  on  to  fire-box  casing, 
to  carry  two  whistles  and  one  pressure-gauge  cock.  Two  injector  steam 
valves,  screwed  into  brass  Beatings,  are  fixed  in  the  position  shown  on  the 
fire-box  casing,  with  spindles  through  the  weather  plate  and  brass  hand 
wheels,  inside  cab.  The  injector  valves  have  dry  steam  pipes  led  into 
manhole  seating. 

The  pressure  gauge  is  of  Bourdon's  pattern,  with  solid  drawn  tube  to 
indicate  from  1  to  200  lbs.  per  square  inch. 

A  blower  is  fixed  on  right-hand  side  of  smoke  box,  and  worked  firqm 
foot-plate,  with  dry  steam  pine  led  into  dome. 

Two  glass  water  gauges,  with  asbestos  packed  cocks,  two  clack  boxes,  a 
Fnrness  lubricator  to  each  cylinder,  a  displacement  lubricator,  oil  boxes  for 
axle  boxes,  and  syphons  for  piston  rods  and  spindles,  lubricators  for  bogie 
sliding  block,  two  feed  water  cocks  and  hose  connections,  an  ashpan  water 
cock,  and  a  coal  watering  cock  are  fixed  in  the  positions  shown  on  the 
drawings. 

Dimensions,  4c. ,  of  Pipes. 

Diameter  Thickness 

Inside.  aw.a 

Main  steam  pipes  in  boiler  and  smoke  box,         .        •         44  ins.  7 

Injector  suction  pines, 1}  „  10 

„       delivery  pipes lj  „  10 

,,       valve  dry  steam  pipes, li  „  10 

„       steam  pipes, ll   „  10 

Blower  pipe  in  smoke  box  (copper  solid  drawn),          .           |  „  12 

Fnrness  lubricator  pipes  in  smoke  box  (copper  solid  drawn),    |  „  11 

Oil  pipes, |  ,f  15 

Pressure-gauge  pipe  (copper  solid  drawn), .        .        •          A » »  15 

Giffard's  Injector. — Injectors  are  chiefly  used  for  locomotives, 
these  being  seldom  fitted  with  feed  pumps  in  modern  practice, 
but  they  are  also  largely  used  for  land  boilers.  They  will  draw 
water  from  2  feet  to  12  feet  according  to  size,  but  the  water 
supply  must  be  continuous  and  must  not  be  hotter  than  1353 
Fah.  for  low  pressures,  and  105°  Fah.  for  the  highest  pressures. 
If  these  temperatures  are  exceeded,  so*  much  water  is  required  to 
condense  the  steam  that  the  velocity  of  the  steam  is  too  much 
reduced  in  driving  forward  the  large  volume  of  water.  The  injector 
illustrated  on  the  following  page,  is  the  form  in  most  general  use 
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for  all  purposes,  as  made  by  Messrs.  Sharp,  Stewart,  &  Co.,  Alan 
Chester,  but  a  num- 
ber of  patent  forms 
are  also  made  by  dif- 
ferent firms,  which  are 
adapted  for  special 
purposes. 

Steam  from  the 
boiler  enters  the 
uppermost  branch 
pipe,  and  is  admitted 
to  the  injector 
through  a  conical 
nozzle.  The  admis- 
sion of  the  steam  is 
regulated  by  a  verti- 
cal spindle,  the  lower 
end  of  which  fits 
accurately  into  the 
nozzle,  and  this 
spindle  may  be  screw- 
ed up  and  down  by 
the  small  hand  wheel 
shown  at  the  top  of  the 
diagram.  The  water 
with  which  the  boiler 
is  to  be  fed  enters 
the  injector  on  the 
opposite  side  from  the 
steam,  and  through  a 
branch  a  little  below 
the  steam  pipebranch. 
It  passes  round  the 
outside  of  the  conical 
nozzle  through  which 
the  steam  rushes,  and 
the  supply  is  regu- 
lated by  a  hand  wheel 
at  the  side,  which 
works  a  small  pinion 
inside  the  injector, 
and  moves  a  tube  up 
and  down.  The 
branch  pipe  below 
the  water  entrance 
is  for  the  overflow, 
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and  the  bottom  of  the  injector,  which  is  fitted  with  a  back 
pressure  valve,  communicates  with  the  check  valve  on  the 
side  of  the  boiler.  By  admitting  steam  and  water  by  their 
respective  branches,  the  steam  is  able  to  drive  the  water  into  the 
boiler  against  a  pressure  which  is  equal  to,  or  it  may  be  greater 
than  its  own.  This  statement  at  first  sight  may  seem  paradoxical, 
but  it  is  nevertheless  the  case,  and  the  explanation  is  as  follows. 
The  velocity  of  an  issuing  jet  of  steam  is  many  times  greater 
than  that  of  a  jet  of  water  issuing  under  the  same  pressure,  and 
if  steam,  while  issuing  from  a  boiler,  be  condensed  to  water,  but 
not  reduced  in  velocity  to  that  of  water  issuing  under  the  same 
pressure,  it  is  then  capable  of  overcoming  the  pressure  of  the 
water  in  its  own  boiler.  This  is  exactly  what  takes  place  in  the 
Giffard's  injector.  The  steam  enters  the  injector,  and,  passing 
down  the  conical  nozzle,  is  condensed  on  coming  into  contact 
with  the  feed  water,  without  losing  its  velocity,  further  than 
that  due  to  the  friction  of  the  passages.  The  vacuum  formed  in 
the  injector  by  the  condensation  of  the  steam  causes  more  water 
to  rush  into  the  injector,  and  this  feed  water  is  carried  on  by 
the  force  of  the  condensed  steam  jet  into  the  boiler.  The 
velocity  of  the  steam  jet  is  of  course  reduced  by  imparting  a  high 
velocity  to  this  volume  of  water,  but  it  is  not  reduced  nearly  so 
low  as  that  of  a  jet  of  water  issuing  under  the  same  pressure,  and 
hence  it  is  able  to  overpower  and  drive  back  the  water  in  the 
boiler. 

The  injector  is  lighter,  takes  up  less  room,  is  quite  as  certain 
in  its  action,  and  absorbs  less  power  than  a  feed-pump,  for  it  is 
only  in  action  when  required;  besides  which  you  can  always 
know  when  it  is  working  satisfactorily,  by  watching  the  over- 
flow and  the  vibration  caused  by  the  passing  steam  and  water 
through  the  feed-pipes. 

Compound  Locomotives. — Previous  to  1879  M.  Mallet  com- 
pounded a  locomotive  for  the  Bayonne  and  Biarritz  Railway, 
and — 

In  1881,  Mr.  Webb  constructed  the  "  Experiment,"  a  compound 
locomotive  for  the  London  and  North-Western  Railway,  which 
made  a  daily  run  of  319  miles  for  more  than  a  year,  with  the 
Scotch  and  Irish  limited  mails  between  London  and  Orewe.  The 
two  high-pressure  cylinders  are  13  inches  diameter,  while  the 
low  pressure  one  is  26  inches,  and  is  placed  centrally  between  them, 
the  stroke  in  each  case  being  24  inches.  During  the  time  the 
engine  was  working  on  the  above  section,  Mr.  Webb  states  that 
the  average  consumption  per  train  mile  was  only  26*6  lbs.  of  coal 
compared  with  34*6  lbs.  for  the  standard  four-wheels,  coupled 
passenger  engines  having  two  17  inch  cylinders  with  24  inch 
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stroke  doing  precisely  the  same  class  of  work,  and  with  the 
same  boiler  pressure.  Since  then,  Mr.  Webb  has  built  several 
compound  engines  for  the  London  and  North-Western  Railway. 


Joy's  Valve  Gear  as  Fitted  to  Webb's  Compound  Locomotive. 
See  Lecture  XX.  for  description  of  Joy's  Valve  Gear. 


One  of  these  beautifully  finished  engines  was  shown  at  the 
"  Inventions "  Exhibition,  South  Kensington,  last  year,  and 
attracted  considerable  attention.  Many  letters  on  the  subject 
appeared  during  1885  in  "The  Engineer1'  and  "Engineering" 
on  this  subject,  and  widely  differing  opinions  were  expressed  by 
engineers  as  to  whether  any  real  saving,  on  the  whole  (first  cost, 
working,  and  upkeep),  is  effected  in  the  case  of  fast-speed 
passenger  engines,  but  generally  it  was  allowed  that  in  the 
case  of  goods  engines  there  might  be  an  advantage  on  the 
whole  by  using  them. 

Such  radical  changes  as  those  proposed  by  Mr.  Webb  are  slower 
in  taking  general  effect  (even  if  they  were  proved  beneficial  on 
the  whole),  in  the  case  of  locomotives  than  of  steamers,  because 
Railway  Companies  find  that  a  considerable  saving  in  working 
and  in  repairs  is  effected  by  having  their  engines  as  for  as  possible 
of  one  type,  and  with  the  various  parts  interchangeable,  at  least 
those  doing  the  same  class  of  work,  while  a  Steam-shipping 
Company  may  have  every  one  of  its  steamers  fitted  with  differ- 
ent styles  and  sizes  of  engines  without  any  apparent  loss; 
consequently,  the  spirit  of  invention  and  improvement  has  of 
late  been  much  more  rife  in  connection  with  the  latter  than  the 
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former.     When  we  think,  however,  of  the  many  millions  of  miles 
run  each  year  by  locomotives  in  this  country  alone,  and  that  the 


^ 


TRANSVERSE  SECTION 
Cross  Section  through  Smoke-Box— Webb's  Compound  Locomotive 

general  introduction  of  a  well-designed  compound  locomotive 
would  enable  several  pounds  of  coal  to  be  saved  per  mile,  we  are 
prone  to  believe  that  in  time  it  will  become  generally  adopted. 
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Lecture  XXX.— Questions. 

1.  Sketch  a  section  through  the  cylinder  of  a  locomotive  engine,  showing 
the  piston,  ports,  slide  valve,  glands,  guide  bars,  piston-rod,  and  crosshead. 
Describe  the  whole  by  a  complete  index  of  parts,  and  specification,  in  your 
own  words. 

2.  The  piston-rod  of  a  locomotive  is  guided  by  parallel  bars ;  which  bar  is 
pressed  upon  when  the  engine  is  going  forward  and  which  when  reversed  ? 
Make  a  sketch  and  explain  by  arrows  the  directions  in  which  the  forces 
act 

3.  Sketch  that  end  of  a  connecting-rod  which  is  attached  to  the  crank  axle 
of  a  locomotive  engine.  Describe  its  construction,  and  show  the  method  of 
lubricating  the  bearing. 

4.  What  is  the  speed  of  the  piston  of  a  locomotive  with  24  inches  stroke, 
7  ft.  driving  wheels,  and  running  at  40  miles  per  hour  ?   An*.  640  ft.  per  min. 

5.  If  the  cylinder  of  a  locomotive  be  20  inches  in  diameter,  with  a  stroke 
of  2  feet,  and  the  diameter  of  the  driving  wheel  be  6  feet,  find  the  tractive 
force  exerted  by  the  engine  for  each  pound  of  pressure  per  square  inch  on 
the  piston.     Am.  104*72  lbs. 

6.  Draw  a  section  through  the  cylinder  and  valve  chest  of  a  locomotive 
engine,  and  show  some  method  of  working  the  engine  with  varying  grades 
of  expansion. 

7.  When  the  reversing  lever  or  screw  cear  of  a  locomotive  is  moved 
towards  the  central  position,  after  being  pulled  over,  the  power  of  the  engine 
is  diminished.     Why  is  this  ? 

8.  Describe,  with  sketch  and  an  index  of  parts,  the  steam  regulator, 
valve  rod  and  handle,  for  a  locomotive  engine.  State  the  conditions  essential 
for  the  successful  working  of  a  regulator  valve  in  a  locomotive  engine. 

9.  Sketch  and  describe  Ramsbottom's  safety  valve.  Sketch  also  an 
ordinary  safety  valve  with  Salter's  spring  balance.  Mention  the  respective 
advantages  of  each. 

10.  Draw  in  section  a  feed  pump  with  its  valves,  as  fitted  to  a  locomotive 
engine.  What  contrivance  may  be  used  instead  of  a  feed  pump?  State 
generally  the  nature  of  its  action. 

11.  Describe,  with  a  sectional  longitudinal  sketch,  GifFard's  injector,  and 
explain  the  manner  in  which  it  acts.  What  are  the  advantages  of  this 
apparatus  as  compared  with  an  ordinary  feed  pump  ? 

12.  Sketch  a  section  through  the  fire-box  of  a  locomotive  boiler,  showing 
particularly  the  method  of  supporting  the  flat  surfaces,  and  explain  your 
drawing  by  an  explanatory  index  of  parts. 

13.  Confining  your  answer  to  a  locomotive  boiler,  you  are  required  to 
sketch  the  necessary  valves  attached  to  the  same,  and  to  describe  their 
construction  and  mode  of  action. 

14.  Sketch  a  section  through  the  entire  length  of  a  locomotive  boiler, 
showing  the  fire-box  and  smoke-box.  Mark  the  positions  of  the  safety 
valve  and  regulator  valve.  Explain  Stephenson's  method  of  obtaining  a 
draught  by  the  action  of  the  exhaust  steam  as  applied  in  the  Rocket  engine. 

15.  Sketch  a  transverse  vertical  section  through  the  smoke-box  and 
funnel  of  a  locomotive  engine  with  inside  cylinders,  and  show  one  cylinder, 
the  steam  pipe,  valve-box,  and  blast  pipe.  Explain  the  production  of  the 
draught  by  the  discharge  of  exhaust  steam.  What  do  you  understand  by 
an  "induced  current  of  air?"  How  may  it  be  set  up  in  an  open  tube? 
What  is  the  "  puggie,"  and  for  what  purpose  is  it  used  ? 
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16.  Of  what  use  is  a  "bogie  "  to  a  locomotive?  Sketch  and  explain  any 
form  of  bogie  with  which  you  may  be  familiar,  showing  how  it  is  attached 
to  the  locomotive. 

17.  Sketch  a  section  through  the  axle-box  of  the  driving  axle  of  a  loco- 
motive, and  show  a  method  of  connecting  the  box  by  springs  with  the* 
frame.  Calling  A  B  and  C  D  the  springs  for  the  driving  and  hind  wheels, 
examine  the  effect  of  connecting  tne  points  B  and  C  with  a  lever  having, 
equal  arms  and  centred  on  a  pin  fixed  to  the  frame. 

18.  Draw  in  section  the  steam  passages  and  ports  of  a  locomotive  cylinder 
with  the  slide  valve.  The  length  of  stroke  is  given,  and  also  the  width  of 
steam  port,  together  with  the  points  of  cut-off  and  compression,  and  the- 
valve  is  splitting  for  steam  at  the  beginning  of  the  stroke.  Make  a  diagram- 
showing  tne  relative  positions  of  the  crank-pin  and  centre  of  the  eccentric- 
pulley  at  the  times,  (1)  when  steam  enters  the  cylinder,  (2)  when  it  is  cut- 
off, (3)  when  compression  begins.  In  what  manner  are  the  width  of  the  port,, 
the  lap  of  the  valve,  and  the  throw  of  the  eccentric,  related  together. 

19.  Give  a  freehand  sketch  of  the  longitudinal  and  cross  sections,  as  well' 
as  front  and  back  outside  views,  and  a  half  sectional  plan  of  a  locomotive- 
boiler  and  engine,  showing  the  method  of  staying  the  ^  different  parts. 
Arrange  the  complete  boiler  and  engine  mountings  in  their  proper  places. 
Give  a  complete  index  to  the  various  parts  in  your  drawing,  with  any  concise- 
explanations  that  may  appear  necessary. 

20.  Give  a  general  idea  of  the  difference  between  an  ordinary  and  a  com- 
pound locomotive  engine.  Is  the  latter  likely  to  be  soon  adopted  as  the 
regular  working  locomotive  ?    If  so,  why  ?    If  not,  why  not  ? 

21.  What  are  the  advantages  of  making  engines  for  similar  purposes- 
(such  as  one  class  Locomotives  for  the  same  Railway  Company)  of  exactly 
the  same  construction  and  size  ? 

22.  Sketch  a  section  of,  and  explain  the  method  of  fitting,  a  safety- valve* 
to  a  locomotive  boiler.  The  safety-valve  is  5  inches  in  diameter,  and  the- 
bearing  surfaces  are  inclined  at  45°  to  the  axis  of  the  valve.  What  should 
be  the  lift,  in  order  that  the  available  opening  for  the  escape  of  steam  may 
be  '7  of  a  square  inch?    Ans.  0*6  inch. 

23.  Sketch  a  longitudinal  section  through  a  Giffard's  injector,  showing: 
clearly  the  manner  in  which  the  flow  of  steam  and  water  is  regulated. 
Explain  the  principle  of  its  action,  and  account  for  the  apparently  paradoxi- 
cal result     (Adv.  S.  and  A.  Exam.,  1888.) 

24.  Sketch  and  describe  a  steam  regulator  valve  as  applied  to  a  locomotive' 
boiler,  and  show  that  by  means  of  it  the  steam  may  be  admitted  gradually 
to  the  cylinders.  Sketch  roughly  the  position  of  the  valve  in  the  boiler. 
[Adv.  S.  and  A.  Exam.,  1888.) 

25.  Make  a  clear  sketch  of  Joy's  valve  gear  as  applied  to  a  locomotive  or* 
other  engine,  and  explain  the  manner  in  which  the  reversal  of  the  engine  is- 
effected.    Why  does  the  lead  remain  constant  throughout?    [Honours  S. 
and  A.  Exam.,  1889.) 

26.  Describe,  with  sketches,  the  arrangement  of  cylinders  in  some  form- 
of  compound  locomotive  engine.  Sketch  also  a  section  through  the  Trick 
or  Allen  valve  for  a  high-pressure  cylinder,  and  explain  its  action.  How 
are  the  reversing  gears  arranged  ?    {Honours  8.  and  A.  Exam.,  1889.) 

27.  During  the  summer  Jtolvlays  make  out  a  complete  set  of  working; 
and  finished  drawings  to  a  scale  of  14  inches  to  the  foot  of  Messrs.  Dubs 
&  Co.'s  locomotive  from  the  specifications  and  drawings  given  in  this- 
Lecture. 
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APPENDIX    I. 


Miscellaneous  Questions  from  the  Science  and  Art  Department's 
and  the  City  Guilds  of  London  Institute's  Examinations,  not 
Included  at  the  End  of  the  Lectures.    {See  new  question*  at  end.) 

ELEMENTARY  STAGE. 

1.  Make  an  outline  sketch  of  a  section  of  a  steam  engine  of  the  beam  con- 
struction,  showing,  in  their  relative  positions,  the  following  parts  only  :— 
(1)  The  steam  cy Under,  piston,  and  piston-rod ;  (2)  the  parallel  motion;  (3) 
the  beam;  (4)  the  connecting-rod  and  the  crank.  Set  Lecture  II. ,  pp. 
13  and  17. 

Valves. 

2.  Sketch  a  section  through  a  Cornish  double-beat  or  Crown  valve,  and 
explain  the  principle  of  its  construction,  stating  its  advantages  over  an 
ordinary  disc  valve. 

3.  Point  out  some  method  of  rendering  a  steam  valve  ' '  balanced. "  Sketch 
a  balanced  as  well  as  an  unbalanced  valve. 

4.  Describe  a  double-beat  or  equilibrium  steam-stop  valve.  The  upper 
side  of  the  valve  is  1 1  inches  in  diameter  and  the  lower  side  104  inches, 
what  force  will  be  required  to  open  it  when  the  steam  has  a  pressure  of 
100  lbs.  above  the  atmosphere,  the  pressure  between  the  valves  being  dis- 
regarded?   Aiis. 

5.  Supposing  that  drop  valves  are  substituted  for  the  slide  valve  in  the 
double-acting  engine,  how  many  would  be  required?  Make  a  sketch, 
showing  their  position,  together  with  the  steam  and  exhaust  passages. 
How  are  drop  valves  worked  ?    Sketch  the  contrivance. 

6.  Sketch  on  ordinary  lever  safety  valve  as  applied  to  a  land  boiler.  The 
diameter  of  a  valve  is  3}  inch ;  the  leverage  is  11  to  1.  Find  the  pull  on 
the  end  of  the  lever  when  the  steam  pressure  is  30  lbs.  above  the  atmos- 
phere?   An*.  30-1  lbs. 

7.  Required  the  weight  to  be  placed  on  the  end  of  a  safety-valve  lever 
174  inches  long,  the  distance  from  the  fulcrum  to  the  valve  being  3 J  inches, 
the  upward  pressure  on  the  valve  required  for  lifting  the  valve  and  lever 
being  20  lbs.,  and  the  pressure  of  steam  in  the  boiler  being  100  lbs.  per 
square  inch  above  that  of  the  atmosphere  ?  An*.  (20  A  -  4)  where  A  =  area 
of  valve  in  square  inches. 

Governors. 

8.  Sketch  an  ordinary  Watt's  governor,  and  explain  its  action  upon  the 
valve  with  which  it  is  connected.  Why  is  it  an  improvement  to  shift  the 
points  of  suspension  so  that  the  arms  cross  each  other?  See  Lecture  //., 
pp.  15  and  17. 

9.  What  objection  is  there  to  regulating  the  speed  of  an  engine  by  the 
throttle  valve  ? 
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Donkey  Engine. 

10.  Sketch  a  section  of  a  neat  form  of  donkey  engine,  such  as  would  be 
employed  for  feeding  a  marine  boiler,  and  describe  its  action  very  briefly. 

Gauges. 

11.  Describe  a  mercurial  pressure  gauge  for  indicating  the  pressure  in 
a  boiler.  If  the  specific  gravity  of  mercury  be  13 '5,  how  much  higher 
will  the  mercury  stand  in  one  leg  than  tbe  other  when  the  pressure  of 
steam  is  10  lbs.  on  the  sq.  in.  above  atmospheric  pressure?    Ans.  20*5  ins. 

12.  Explain  Bourdon's  gauge  for  ascertaining  the  pressure  of  steam  in  a 
boiler. 

13.  Describe,  with  a  sketch,  the  construction  and  action  of  any  gauge  for 
indicating  the  amount  of  vacuum  in  the  condenser  of  a  steam  engine. 

14.  Describe  any  apparatus  for  indicating  the  height  of  the  water  in  a  land 
boiler,  with  sketch  and  reference  table. 

Feed  Pump. 

15.  Sketch  a  section  through  the  feed  pump  of  a  locomotive  engine.  Show 
its  connection  with  the  tender,  and  state  the  means  by  which  the  driver 
ascertains  whether  or  not  he  is  feeding  the  boiler  with  water. 


ADVANCED  8TAGE. 

1.  Make  an  outline  sectional  sketch  of  a  condensing  double-acting  beam 
engine.  Attach  names  to  each  part,  or  reference  letters  and  explanatory 
index  of  parts,  so  that  the  drawing  may  show  that  you  understand  the 
action  and  construction  of  the  machine. 

Valves. 

2.  Explain  the  mechanism  for  opening  the  steam  valve  in  a  single-acting 
Cornish  engine.  Show  the  contrivance  adopted  for  regulating  the  point  of 
cut-off. 

3.  A  double-acting  condensing  engine  is  to  have  four  valves  connected 
with  the  cylinder — viz.,  two  steam  and  two  exhaust  valves.  You  are 
required  to  show  the  manner  in  which  the  valves,  ports,  and  steam  passages 
may  be  disposed,  so  as  to  pass  the  steam  alternately  into  the  cylinder  aud 
out  to  the  condenser. 

4.  Sketch  a  section  through  the  cylinder  and  valves  of  a  beam  engine 
fitted  with  drop  valves.  How  are  the  valves  moved  so  as  to  give  the  effects 
of  lead,  expansion,  and  cushioning  ? 

5.  Sketch  in  section  a  Cornish  double-beat  or  crown  valve.  Account  on 
mechanical  principles  for  the  balancing  of  the  fluid  pressure  on  the  curved 
surface  of  the  valve. 

6.  Describe,  with  a  sketch,  a  double-beat  valve,  and  explain  its  action. 
The  internal  edge  of  the  seat  of  a  conical  valve  is  5  inches  in  diameter,  the 
vertical  angle  of  the  cone  being  90°,  what  lift  of  the  valve  would  give  1 
square  inch  area  of  opening  ?    Ans. 

7.  Describe,  with  sketches,  the  construction  of  (1)  a  throttle  valve,  (2)  a 
double-beat  valve  (3)  a  gridiron  valve,  and  point  out  the  mechanical  purpose 
fulfilled  by  each  species  of  valve. 
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8.  Sketch  in  section  a  steam  stop-valve  for  allowing  steam  to  pass  from  a 
marine  boiler  to  the  engine,  ana  mention  some  details  of  construction 
whereby  the  dne  action  of  the  valve  is  ensured. 

Governors, 

0.  Sketch  the  ordinary  pendulum  or  ball  governor  of  a  steam  engine. 
Mark  on  your  drawing  some  particular  line  whose  length  is  related  to  the 
number  of  revolutions  of  the  balls.  State  the  relation  as  nearly  as  yon 
know  it.  If  the  line  referred  to  be  shortened  in  proportion  of  2  :  3,  now 
much  would  the  number  of  revolutions  be  increased  ?    Ans.  VB   :    ViL 

10.  What  objection  is  there  to  wire  drawing  as  a  method  of  regulation  in 
steam  engines  ? 

11.  The  governor  and  fly- wheel  of  an  engine  have  both  the  purpose  of 
regulating  its  speed.    Explain  how  their  actions  in  this  respect  differ. 

Parallel  Motion, 

12.  Explain  the  principle  of  Watt's  parallel  motion,  and  describe  the 
parallel  motion  of  aoeam  engine. 

13.  Explain  the  method  of  constructing  a  parallel  motion  for  a  compound 
cylinder  beam  engine. 

Engine  Details. 

14.  Sketch  a  piston-rod,  stuffing-box,  and  gland,  saying  whether  you 
intend  the  arrangement  for  a  vertical  or  horizontal  engine.  Assume  the 
diameter  of  the  rod  to  be  4^  inches,  and  mark  on  your  sketch  the  other 
leading  dimensions. 

15.  What  are  the  chief  parts  of  a  steam  engine  which  require  "  packing?" 
Describe  the  most  satisfactory  method  you  know  of  accomplishing  this. 

16.  Explain  the  method  of  reversing  an  engine  by  a  loose  eccentric. 
Sketch  the  eccentric  as  fitted  to  the  shaft. 

Gauges. 

17.  Sketch  and  describe  some  form  of  "sight  feed"  lubricator  for  the 
cylinder  of  a  steam  engine. 

18.  How  is  a  barometer  gauge  made  and  fitted  to  a  condenser?  If  the 
mercury  in  an  ordinary  barometer  stands  at  30  inches  when  that  in  the 
gauge  stands  at  26  inches,  find  the  pressure  per  square  inch  of  the  vapour 
or  air  in  the  condenser.     Ans.  l'Ub*  lbs. 

19.  Sketch  and  describe  fully,  by  an  index  of  parts,  the  construction  and 
action  of  Bourdon's  pressure  and  vacuum  gauges. 

lft».  Describe  Bourdon's  pressure  gauge,  and  explain  how  it  acts.  In 
what  way  would  you  test  the  accuracv  of  such  a  gauge  ?  Account  for  the 
fact  that  the  same  gauge  may  be  employed  to  read  pressures  either  above 
or  below  the  atmospheric  pressure.     {S.  and  A.  Exam.,  1890.) 

Steam  Engine. 

20.  A  single-cylinder  double-acting  condensing  engine,  unjacketed,  but 
very  efficiently  lagged  with  non-conducting  material,  has  a  cylinder  diameter 
of  671  inches  and  stroke  81|  inches,  and  runs  40  revolutions  per  minute. 
The  initial  absolute  pressure  is  75  lbs.  per  square  inch,  and  the  mean 
absolute  back  pressure  2*8  lbs.  per  square  inch.  The  cut  off  is  at  |  of  the 
stroke,  and  the  effect  of  clearance  is  to  be  neglected  in  your  calculation. 
Draw  as  accurately  as  you  can  the  probable  indicator  diagram,  and  calculate 
the  indicated  horse-power.    Ans.  2,137  H.P. 
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21.  A  steam  engine  is  employed  to  work  two  pumps  alternately,  giving 

oat  its  fall  power  in  each  case.     The  area  of  the  plunger  of  the  one  pump  is 

A*  and  it  lifts  water  50  feet,  the  travel  of  the  plunger  being  x  feet.  Whereas 

2a? 
the  plunger  of  the  second  pump  traverses  -~-  feet  at  each  stroke,  and  lifts 

water  150  feet,  what  should  be  its  area  ?    Ans.  -5  of  A. 

22.  If  the  boiler  of  an  engine  gives  out  every  minute  100  cubic  feet  of 
steam  which  propels  the  piston  with  an  average  pressure  of  50  lbs.  on  the 
square  inch,  what  is  the  horse-power  of  the  engine?    Ans.  21*8. 

Boilers. 

23.  Sketch  any  form  of  boiler  furnace,  naming  the  various  parts.  State 
in  what  ways  fuel  is  wasted,  and  what  precautions  must  be  taken  to  effect 
its  economy. 

24.  What  is  combustion  ?  What  occurs  in  the  furnace  and  flues  of  any 
boiler  that  you  are  well  acquainted  with  ? 


H0NOTO8  STAGE. 

Admission  Valves,  Eccentrics,  Ac. 

1.  Explain,  with  sketches,  the  method  of  regulating  the  opening  and 
closing  of  the  steam  valve  of  a  single-acting  pumping  engine. 

2.  &  a  slide  valve  the  travel  is  4(  inches,  lap  1  inch,  lead  A  inch ;  draw 
the  suppositious  indicator  diagram. 

3.  A  slide  valve  has  to  cut  off  steam  at  {  of  the  stroke,  and  its  opening 
for  steam  is  to  be  1$  inches.  The  lead  of  the  valve  is  to  be  i  inch.  Find 
the  stroke  of  the  valve,  the  outside  lap,  and  the  angular  advance  of  the 
eccentric.  (You  may  neglect  the  obliquity  of  the  connecting-rod,  but  state 
in  general  terms  what  its  effect  would  be.)    Ans.  T  =  4$";  L,  =  1";  $  =  34°. 

4.  Describe  the  operation  of  setting  the  slide  valve  in  any  type  of  engine 
with  which  you  are  best  acquainted. 

5.  In  a  single  slide  valve  gear,  if  the  travel  of  slide  is  4*6  inches,  and  the 
angle  of  advance  30°,  and  if  admission  of  steam  takes  place  while  the  piston 
travels  0  8  of  its  stroke,  and  exhaustion  of  steam  begins  when  the  piston 
has  still  0'04  of  its  stroke  to  travel,  it  is  required  to  find  inside  and  outside 
lap  and  lead,  and  maximum  opening  of  ports.  Ans.  I*  =  •9" ;  L*  =  '34° ; 
I  =  *25";  maximum  opening  =  1*4*. 

6.  In  an  endne  the  stroke  is  4  feet,  connecting-rod  9  feet ;  the  valves 
are  so  arranged  as  to  cut  off  the  steam  when  the  crank  has  turned  through 
an  angle  of  45°  from  the  dead  points  in  both  the  forward  and  backward 
stroke  ;  find  at  what  point  of  the  stroke  tjie  steam  will  be  cut  off  in  the 
two  cases.     Ans. 

7.  The  faces  of  the  slide  valve  and  seat  are  frequently  machined  only  and 
not  scraped,  with  the  idea  that  they  rapidly  wear  together  to  a  good 
steam-tight  fit.  In  what  class  of  engines  is  this  practice  most  justifiable, 
and  how  is  it  to  be  reconciled  with  the  fact  that  face-plates  are  never  now 
finished  by  grinding  one  on  another  ?  Explain  the  general  effects  on  the 
steam  efficiency  of  leakage  past  the  valve  faces  and  past  the  piston,  follow- 
ing out  your  explanation  lor  the  different  periods  of  the  stroke.  Sketch 
one  style  of  design  for  steam  piston  packing  rings,  and  explain  all  the  points 
of  exact  workmanship  required  in  its  construction. 

8.  Describe  a  valve  motion  for  reversing  an   engine  where  a  single 
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eccentric  is  keyed  to  the  shaft.    This  question  refers  to  Hackworth's  valve 
gear,  or  others  of  the  same  character. 

9.  Sketch  a  link  motion,  or  any  form  of  reversing  gear  with  which  you 
are  familiar  (the  sketch  not  to  be  detailed  in  any  way),  and  describe  its 
action  on  the  steam  distribution. 

10.  Describe  by  sketches  the  arrangements  of  valves  by  which  the  proper 
proportions,  air  and  gas,  are  admitted  to,  and  the  waste  products  discharged 
from,  the  cylinder  of  an  Otto  silent,  or  a  Clerk's  gas  engine. 

Governors. 

11.  Sketch  the  pendulum  governor  as  Watt  made  it  From  the  balls  of 
a  common  governor,  whose  collective  weight  is,  A,  there  is  hung  by  a  pair 
of  links  (of  lengths  equal  to  the  ball-rods)  a  load,  B,  capable  of  sliding  up 
and  down  the  spindle.  Compare  the  loaded  and  common  governor  as 
regards  sensitiveness,  the  weights  of  the  arms  or  links  being  neglected. 

12.  Explain  the  principle  of  WaW*  pendulum  governor,  and  state  its 
advantages  and  defects.  Various  methods  have  been  proposed  for  improv- 
ing this  form  of  governor ;  discuss  the  action  of  any  such  modern  apparatus 
with  which  you  are  acquainted. 

13.  What  are  the  principal  essentials  of  a  good  steam  engine  governor? 
Sketch,  in  outline,  any  one  form  of  governor  with  which  you  are  acquainted, 
and  explain  to  what  extent  it  is  satisfactory  according  to  the  conditions 
which  you  have  laid  down,  or  how  it  might  be  improved. 

Parallel  and  Straight  Lint  Motions. 

14.  The  stroke  of  a  beam  engine  is  8  feet,  beam  24  feet,  connecting- 
rod  24  feet,  stroke  of  air  pump  44  feet,  and  length  of  front  and  back 
links  of  parallel  motiou  4  feet:  find  proper  lengths  of  radius-rods,  and 
point  where  air-pump  rod  should  be  attached.  Find  also  proper  position  of 
cylinder,  and  error  of  the  parallel  motion  when  its  axis  is  12  feet  distant 
from  beam  centre.     A  ns. 

15.  State  the  conditions  for  a  straight  line  motion  discovered  by  Peau- 
cellier,  and  prove  that  the  line  obtained  is  an  exact  straight  line. 

16.  Explain  and  prove  the  truth  of  Peaucellier's  method  of  obtaining  a 
straight  line  motion.  Arrange  the  dimensions  of  an  instrument  for  giving 
a  straight  line  path  of  12  inches. 

Speed  and  Energy  Stored. 

17.  The  stroke  of  a  piston  is  4  feet,  connecting-rod  9  feet ;  find  posi- 
tion of  crank  when  piston  has  completed  first  quarter  of  backward  and 
forward  stroke  respectively  ;  find  also  velocity  of  piston  in  the  two  cases, 
and  its  maximum  speed  when  the  engine  is  making  70  revolutions  per 
minute.    An*.  730,  810,  and  900  feet  per  minute. 

18.  The  driving  wheels  of  a  locomotive  are  6  feet  diameter;  find  revolu- 
tions per  minute,  and  angular  velocity  in  radians  per  second  when  the 
locomotive  is  running  at  50  miles  an  hour,  and  if  the  stroke  is  2  feet  find 
mean  speed  of  piston  in  feet  per  minute.  Describe,  with  a  sketch,  Rams- 
bottom's  method  of  supplying  the  tender  of  a  locomotive  with  water  while 
running.  In  what  way  can  you  calculate  the  speed  of  the  train  in  order 
that  water  may  bo  lifted  into  the  tender?    Am.  233*5;  24*45;  934. 

19.  The  pressure  equivalent  to  the  weight  of  the  reciprocating  parts  of 
an  engine  is  4  lbs.  per  square  inch,  and  the  stroke  4  feet;  find  maximum 
pressure  equivalent  to  inertia  of  parts  when  the  engine  is  making  75  revolu- 
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tions  per  minute.  Find  alao  the  number  of  revolutions  necessary  to  produce 
a  shock  near  commencement  of  stroke  when  initial  steam-pleasure  is  30  lbs., 
and  show  that  in  this  case,  if  the  cut-off  is  less  than  i,  a  shock  will  also  be 
experienced  at  other  parts  of  the  stroke.    Ans.  15 '3  lbs.;  124  revolutions. 

20.  How  would  you  experimentally  or  by  calculation  find  the  capacity  of 
a  fly-wheel  for  storing  energy,  so  that  you  could  say  how  many  foot-pounds 
of  work  it  would  do  in  altering  from  one  speed  to  another  ?  How  do  fly- 
wheels made  to  the  same  drawing  and  of  the  same  materials,  but  to  different 
scales,  differ  in  their  capacity  to  store  energy  ? 

21.  How  would  you  determine  the  diameter  and  weight  of  a  fly-wheel 
for  a  steam  engine?  Take  as  an  example  an  engine  of  50  H.P.,  the  main 
shaft  making  70  revolutions  per  minute. 

Dimension*  and  Power  of  Engines,  Ac. 

22.  Given  the  diameter  and  stroke  of  a  steam  engine,  and  the  maximum 
pressure  on  the  piston,  how  would  you  find  approximately  :— 

(  i.)  The  diameter  of  the  piston-rod  ? 

( ii.)  The  diameter  of  the  connecting-rod? 

(iii)  The  diameter  of  the  crank  -shaft  ? 
(If  you  prefer  to  work  with  figures  you  may  assume  the  cylinder  to  have 
20  inches  diameter  and  30  inches  stroke,  and  the  steam-pressure  to  be 
60  lbs.  per  square  inch.) 

23.  Give  a  good  rule  for  the  thickness  of  the  wall  of  a  steam  engine 
cylinder,  and  explain  why  the  rule  should  be  followed.  Reduce  it 
numerically  for  the  average  pressures  occurring  (1)  in  factory  engines, 
(2)  in  marine  engines,  (3)  in  locomotives.  Explain  two  reasons  why  the 
piston-rod  must  be  proportioned  so  as  to  have  a  specially  low  average  stress 
on  its  cross-section.  What  two  considerations  should  govern  the  design  of 
the  diameter  and  spacing  of  the  cylinder  cover  bolts  ? 

24.  Select  any  part  of  any  kind  of  steam  engine  about  which  you  know 
most :  describe  with  sketches  all  the  processes  of  its  manufacture ;  give  the 
theory  of  its  action  and  how  the  work  succeeds  in  practice. 

25.  A  single  cylinder  double-acting  condensing  engine,  unjacketed  but 
very  efficiently  lagged,  is  to  exert  2,000  horse-power  at  40  revolutions  i>er 
minute,  and  cut  oa  one-fifth  of  the  stroke.  The  initial  absolute  pressure  is 
to  be  75  lbs.  per  square  inch,  and  mean  absolute  back  pressure  2*8  lbs.  per 
square  inch.  The  stroke  is  to  be  one  and  one-fifth  times  the  cylinder  dia- 
meter. The  temperature  of  the  feed  water  is  to  be  1 10°  Fahr.  Calculate  the 
required  diameter  of  cylinder  and  stroke,  and  also  the  steam  efficiency, 
i.e.,  the  ratio  of  work  done  bv  steam  to  heat  energy  supplied  to  the  water 
in  the  boiler.  In  the  calculation  the  effects  of  clearance-space  and  of  loss 
of  heat  bv  radiation  and  conduction  from  boiler,  steam-pipes  and  engine, 
and  by  blowing  off  steam  from  safety-valve,  Ac,  Ac.,  are  to  be  neglected. 
An*. 

Theory  of  Heat  and  Work,  Expansion  Curves. 

26.  Explain  the  meaning  of  latent  heat.  State  Watt's  law  as  to  the 
latent  heat  of  steam  formed  under  different  pressures,  and  point  out  the 
correction  of  this  law  as  established  by  Regnault. 

27.  Define  a  unit  of  heat,  and  explain  tne  principle  according  to  which 
the  efficiency  of  a  heat  engine  is  measured.  Trace  what  happens  in  the 
working  of  an  engine  when  the  cylinder  is  not  provided  with  a  steam  jacket 

28.  rind  an  expression  for  the  work  done  t>y  the  steam  in  ono  stroke  of 
an  engine  when  expanding,  according  to  Boyle's  law,  clearance  being  taken 
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into  consideration.     Show  that  the  general  effect  of  clearance  is  to  raise  the 
expansion  curve. 

29.  Having  regard  to  the  theory  of  heat,  will  yon  state  some  reasons  for 
concluding  that  when  steam  expands  in  a  cylinder  behind  a  working  piston, 
the  law  of  expansion  differs  from  that  of  Boyle?  Find  the  true  expansion 
curve  of  air  in  a  theoretical  heat  engine. 

30.  What  work  is  done  per  cubic  foot  of  steam  in  an  engine,  initial  pres- 
sure 70  lbs.  per  square  inch,  cut  off  at  \  of  tbe  stroke,  back  pressure  14  lbs. 
per  square  inch,  the  cylinder  being  steam- jacketed?    An*.  23,18976  ft. -lbs. 

31.  What  'work  is  done  by  1  lb.  of  steam,  initial  pressure  36  lbs.  per 
square  inch,  cut  off  £  of  the  stroke,  back  pressure  24  lbs.  per  square 
inch,  the  cylinder  being  steam-jacketed.  One  pound  of  saturated,  steam  at 
36  lbs.  fills  11  cubic  feet.     An*.  129,000  fa-lbs. 

32.  In  a  compound  cylinder  engine  the  steam  pressure  is  maintained  at  a 
uniform  pressure,  P,  in  the  smaller  cylinder  A,  but  exhausts  from,  A,  into 
the  larger  cylinder,  B,  the  pistons,  A  and  B,  being  attached  to  the  same 
rod.     Find  an  expression  for  the  work  done  in  one  stroke. 

33.  Explain,  by  reference  to  the  theory  of  heat,  the  reasons  for  the 
diminished  consumption  of  fuel  in  marine  engines  by  employing  steam  at  a 
high- pressure  with  surface  instead  of  jet  condensers. 

34.  Explain  why  the  whole  energy  due  to  the  combustion  of  fuel  can 
never  be  transformed  into  mechanical  work  by  means  of  a  heat  engine, 
and  state  what  conditions  limit  the  efficiency  of  a  so-called  perfect  neat 
engine. 

35.  What  are  the  conditions  which  limit  the  efficiency  of  heat  engines? 
A  perfect  heat  engine  receives  heat  at  a  temperature  of  450°  F.,  and  rejects 
heat  at  a  temperature  of  100°  F.  Find  its  efficiency.  Prove  the  formula 
which  you  employ.     Ana. 

36.  A  mass  of  air  at  atmospheric  pressure  is  compressed  by  the  action  of 
an  engine  and  is  heated  thereby.  It  is  afterwards  cooled  down  to  its 
original  temperature  before  compression,  and  is  then  expanded  while  doing 
work.  When  it  again  arrives  at  the  pressure  of  the  atmosphere  it  is 
intensely  cold  and  may  be  used  for  refrigerating  purposes.  Explain  these 
results  according  to  the  principles  of  Thermodynamics.  Why  is  it  an 
advantage  to  cause  the  air  to  do  work  while  expanding  ? 

37.  In  a  refrigerating  engine,  atmospheric  air  is  compressed  and  subse- 
quently cooled ;  it  is  then  allowed  to  expand  and  do  work  whereby  its 
temperature  is  greatly  reduced.  Give  the  theory  of  the  process,  and  find 
how  much  the  temperature  of  a  given  mass  of  air  is  raised  by  a  given 
amount  of  compression  in  a  vessel  impervious  to  heat. 

38.  Distinguish  between  an  isothermal  and  an  adiabatic  curve.  Find 
the  equation  to  the  adiabatic  curve  for  air. 

39.  What  is  meant  by  the  adiabatic  expansion  of  a  gas?  Find  the 
equation  for  the  adiabatic  expansion  of  air.  If  you  were  required  to  set 
out  approximately  the  curve  of  adiabatic  expansion  of  steam,  how  would 
you  proceed  ? 

40.  Describe  experimental  methods  of  ascertaining  the  vapour  tension  of 
a  liquid  at  high  and  low  temperatures  respectively.  Draw  the  isothermal 
line  for  steam  at  a  given  temperature,  and  account  for  this  line  becoming 
horizontal  at  a  particular  point 

41.  Investigate  a  method  of  ascertaining  the  absolute  temperature  which 
corresponds  to  160°  C. 

42.  How  does  the  efficiency  of  any  kind  of  boiler  depend  on  the  relation 
between  the  fuel  burnt  per  square  foot  of  grate  and  the  number  of  square 
feet  of  heating  service  per  square  foot  of  grate  ? 
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Miscellaneous.— Honours  Questions. 
These  numbers  ere  a  guide  to  where  the  Questions  fit  into  Appendix  L 

5a.  In  %  steam  engine  the  cut-off  takes  place  at  '7  of  the  stroke,  the  angle 

of  lead  is  6°  9',  the  width  of  the  steam  port  is  li  inches,  and  the  steam  port 

17 
opens  rti  of  its  area.     Find  by  Zenner's  diagram  (neglecting  obliquity)  the 

travel  of  the  slide,  the  angle  of  advance,  the  outside  lap  and  the  outside 
lead.     What  would  be  the  amount  of  inside  lap  necessary  to  produce 

-cushioning  after  =■  of  the  stroke  has  been  performed  ?   {S.  and  A .  Hon,  Exam., 

1888.)  cos  66°  25' =  '4       , 

cos  59°  52'  =  -502  (we  p.  103.) 

8a.  Describe  a  form  of  reversing  gear  for  a  slide  valve  where  a  single 
•fixed  eccentric  replaces  the  double  eccentric  and  link.  Explain  the  manner 
in  which  the  arrangement  acts  and  how  it  becomes  effective  in  reversing  the 
•engine.     {S.  and  A.  Hon.  Exam.,  1888.) 

10a.  It  is  required  to  design  expansion  gear  for  an  engine  so  as  to  obtain 
various  grades  of  expansion  while  the  engine  is  at  work.  What  valve  or 
valves  and  valve-gear  will  you  employ  for  this  purpose  ?  Make  full  sketches 
to  illustrate  your  answer.     (S.  and  A.  Hon.  Exam.,  1888.) 

19a.  A  normal  indicator  diagram  of  an  expansive  engine  being  given, 
show  the  method  of  plotting  out  the  curve  of  crank  effort.  How  is  the 
•curve  affected  by  taking  into  consideration  the  inertia  of  the  reciprocating 
parts?    {S.  and  A.  Hon.  Exam.,  1888.) 

27a.  Write  down  Regnault's  formula  for  the  total  heat  of  formation  of 
steam  at  a  given  temperature,  adopting  Fahrenheit's  scale.  It  being 
•observed  that  in  a  double-acting  engine  making  24  revolutions  per  minute, 
«nd  indicating  125  H.P.,  the  temperature  of  the  steam  in  the  boiler  is  30S° 
F.f  while  that  of  the  feed  water  is  75°  F.,  the  amount  of  dry  steam  passing 
into  the  cylinder  per  stroke  is  *G  lbs.,  the  amount  of  priming  water  '025  lbs., 
and  the  amount  of  steam  condensed  in  the  jacket  for  each  stroke  is  "09  lbs., 
calculate  the  efficiency  of  the  engine.  Neglect  any  variation  in  the  specific 
heat  of  water.    (S.  and  A.  Hon.  Exam.,  1887.)  Ans.  '141,  or,  14*12  percent. 

32a.  Point  out  some  of  the  principal  theoretical  and  practical  considerations 
which  have  caused  engineers  to  adopt  compound  engines  in  place  of  employing 
expansion  in  a  single  cylinder.  Account  for  the  economy  of  fuel  resulting 
from  the  use  of  triple-expansion  engines.    (S.  and  A.  Hon.  Exam.,  1888.) 

35a.  Prove  the  formula  for  the  efficiency  of  a  perfect  heat  engine  working 
between  certain  fixed  limits  of  temperature.  Under  what  conditions  would 
a  -perfect  engine  be  capable  of  converting  into  work  the  whole  of  the  heat 
-existing  in  a  substance?    {S.  and  A.  Hon.  Exam.,  1888.) 

356.  Investigate  an  expression  for  the  efficiency  of  a  heat  engine  working 
in  a  reversible  cycle.  Give  an  example  of  a  cycle  which  is  not  reversible. 
{S.  and  A.  Hon.  Exam,,  1887.) 

43.  A  boiler  makes  steam  containing  10  per  cent,  of  suspended  moisture ; 
100  lbs.  of  feed  water  are  introduced  at  100°  F.,  and  are  raised  into  steam 
at  320°  F.  (pressure  of  90  lbs.  to  the  square  inch),  how  much  water  at  212° 
F.  could  be  converted  into  saturated  steam  at  212^  F.  by  the  same  consump- 
tion of  fuel?    {S.  and  A.  Hon.  Exam.,  1888.)  Ans.  10572  lbs. 

44.  Make  a  sketch  showing  the  construction  of  Giffard's  injector,  and 
explain  the  action  of  the  injector.  If  the  volume  of  1  lb.  of  steam  in  a 
boiler  be  3*6  cubic  feet,  and  the  volume  of  1  lb.  of  water  be  *016  cubic  feet, 
compare  the  velocities  with  which  steam  and  water  would  respectively  issue 
from  the  boiler,  and  infer  the  kinetic  energies  of  steam  and  water  issuing 
under  these  conditions  in  the  same  time  from  equal  orifices  in  the  boiler. 
i*.0»dA.H0».lkam.,\m.) 
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106.  Describe,  with  sketches,  Meyer's  variable  expansion  valve.  In  an 
engine  fitted  therewith  the  steam  is  cut  off  by  the  main  or  distribution  valve 
at  i  of  the  stroke,  the  valve  having  a  lead  of  ,\  inch,  and  the  travel  of  the 
valve  being  5  inches.  Find  the  angle  of  advance,  travel,  and  lap  of  the 
main  valve.  Set  out  and  explain  a  diagram  giving  the  relative  motion  of  the 
main  and  expansion  valves.     (S.  and  A.  Hon.  Exam.,  1889.) 

12a  (For  Lecture  XIII.)  The  travel  of  a  slide  valve  is  5  J  inches,  the 
outside  lap  1 J  inches,  the  lead  A  inch,  and  the  exhaust  lap  i  inch,  also  the 
cut-off  is  at  $  of  the  stroke ;  determine  the  angle  of  advance  of  the  eccentric, 
and  give  the  maximum  openings  for  steam  and  exhaust,  assuming  thst  the 
steam  ports  are  2 J  inches  wide.     (Adv.  S.  and  A.  Exam.,  1889.)' 

13a  (For  Lecture  XIII.)  Sketch  a  section  through  the  eccentric,  elide 
valve,  and  ports  of  a  horizontal  high-pressure  steam  engine,  working  with  a 
flat- faced  locomotive  D  valve,  vnthout  lead,  and  cutting  off  steam  at  *5  of 
the  stroke.  What  alteration  should  be  effected  in  order  that  the  steam  may 
be  cut  off  when  the  piston  has  completed  7  of  its  stroke,  there  still  being 
no  lead?    {Adv.  S.  and  A.  Exam.,  1889.) 

356  (See  Cotterill,  &c.)  Investigate  fully  the  conditions  under  which  a 
heat  engine  working  between  given  temperatures  shall  perform  the  greatest 
amount  of  work  possible.  What  are  the  obstacles  met  with  in  the  endeavour 
to  fulfil  these  conditions  in  a  steam  engine  ?    (&'.  and  A.  Hon.  Exam.,  1889.) 

39a  (See  Lectures  XII.  and  XIV.  and  Cotterill,  Ac.)  What  physical  law 
is  expressed  by  the  formulae  pv  =  Rt.  Given  R  =  53*2  foot  pounds  in  the 
case  of  air;  find  its  value  for  superheated  steam,  whose  density  as  compared 
with  air  is  '622,  and  deduce  the  numerical  value  of  the  exponent  in  the 
equation  to  the  curve  for  the  adiabatio  expansion  of  superheated  steam. 
(S.  and  A.  Hon.  Exam,,  1889.) 

9a.  Describe  generally  the  construction  and  arrangement  of  a  pair  of 
oscillating  engines  for  a  small  paddle-wheel  steamer  fitted  with  a  jet 
condenser.  Show  by  sketches  the  valve  gear  and  describe  particularly 
the  method  of  reversing  the  engine  when  fitted  with  a  single  eccentric  as 
in  ordinary  valve  gear.     (S.  and  A.  Hon.  Exam.,  1890.) 

10c.  What  are  the  advantages  respectively  of  short  ports  and  instan- 
taneous cut-off  in  steam  economy?  Sketch  any  arrangement  of  valve  gear 
with  which  you  are  conversant  which  permits  of  these  objects  being 
attained.     (S.  and  A .  Hon.  Exam,  ,\  1 890. ) 

lOrf.  Explain,  with  diagrams,  the  method  of  finding  the  curve  of  position 
of  the  central  point  in  the  slide  valve  of  an  engine,  (1)  when  the  obliquity 
of  the  eccentric  rod  is  neglected,  (2)  when  it  is  taken  into  account.  If  the 
travel  of  the  valve  be  4  inches,  the  angle  of  lead  10°,  and  the  outside  lap 
1  inch,  inside  lap  i  inch,  find  the  points  of  cut-off,  commencement  of 
exhaust,  and  compression  in  the  engine,  the  crank  and  connecting  rod 
being  in  the  ratio  of  1  to  4.     {S.  and  A.  Hon.  Exam.,  1890.) 

ICte.  Describe,  with  sketches,  the  slide  valve  of  an  Otto  gas  engine,  and 
the  functions  which  it  fulfils.     {S.  and  A.  Hon.  Exam.,  1890.) 

24a.  Sketch  in  section  the  cylinders  and  valves  of  a  compound  vertical 
marine  engine.  Describe  particularly  the  valves,  and  the  manner  in 
which  a  variable  rate  of  expansion  is  provided  for,  making  such  additional 
sketches  as  may  be  necessary.     {S.  and  A.  Hon.  Exam.,  1890.) 

25a.  Describe,  with  sketches,  the  modern  locomotive  boiler,  commenting 
on  the  construction  of  any  special  portion  as  may  be  necessary  for  full 
explanation.  Enumerate  the  more  important  fittings,  state  their  uses,  and 
how  they  are  constructed.     {S.  and  A.  Hon.  Exam.,  1890.) 

33a.  Describe,  with  a  sketch,  the  construction  of  a  surface  condenser. 
Two  engines,  one  having  a  surface  and  the  other  a  jet  condenser,  deliver 
for  condensation  the  same  weight  of  exhaust  steam  at  a  temperature  of 
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150°  F.  The  circulation  and  injection  water  have  the  same  temperature 
of  60°  F.,  and  the  hot  well  hue  a  temperature  of  105°  F.  in  each  case, 
while  the  circulation  water  leaves  the  condenser  at  00°  F.  Find  the 
amount  of  condensation  water  per  pound  of  steam  required  by  the  re- 
spective  engines.     {S.  and  A.  Hon.  Exam.,  1890.) 

396.  Find  the  curve  of  adiabatic  expansion  of  air.  How  is  the  curve 
of  expansion  of  dry  saturated  steam  ascertained,  and  what  is  its  approxi- 
mate equation  ?    (S.  and  A.  Hon.  Exam.,  1890.) 

39c.  Show  that  the  difference  between  the  specific  heats  of  a  perfect  gas 
at  constant  pressure  and  constant  volume  is  equal  to  the  coefficient  R  in 
the  equation  pv  =  R  tt  when  the  units  are  properly  chosen.  If  R  «  53*2 
ft. -lbs.  per  degree  Fahrenheit  in  the  case  of  air,  and  y=T408  be  the  ratio 
of  the  specific  heats,  find  the  efficiency  of  an  air  engine  in  which  all  the 
heat  is  supplied  to  the  air  at  a  constant  volume,  causing  a  rise  of  tem- 
perature from  280°  F.  to  2,800°  F.,  the  useful  work  done  by  each  pound 
of  air  being  90,000  ft. -lbs.     (8.  and  A.  Hon.  Exam.,  1890.)  Am.  -273. 

44a.  Sketch  a  longitudinal  section  through  Gilford's  Injector,  and  de- 
scribe the  operation  and  function  of  each  of  the  working  parts.  Discuss 
the  theory  of  this  apparatus,  both  as  regards  the  bringing  up  of  the  water, 
and  its  projection  so  as  overcome  the  steam  pressure.  {8.  and  A.  Hon. 
Exam.,  1890.) 

Gas  Engines. 

1.  Compare  the  methods  of  working  adopted  in  the  Lenoir  and  Otto  gas 
engines.  Sketch  and  explain  the  forms  of  indicator  diagram,  exhibiting  the 
successive  operations  in  each  type  of  engine.   {Adv.  S.  and  A.  Exam. ,  1 889.) 

2.  Describe,  with  sketches,  the  slide  valve  of  the  Otto  engine,  and  give  a 
clear  explanation  of  the  manner  in  which  the  charging  of  the  cylinder  with 
gas  and  air  is  provided  for.     {Adv.  8.  and  A.  Exam.,  1889.) 

3.  Describe  the  pendulum  governor  of  the  Otto  engine,  and  point  out,  by 
reference  to  sketches,  the  manner  in  which  it  acts.  {Adv.  8.  and  A.  Exam., 
1889.) 

4.  State  generally  the  principle  adopted  in  the  cycle  of  operations  of  the 
Otto  gas  engine  and  the  reasons  why  it  works  so  advantageously.  Describe 
also  and  sketch  the  arrangement  3f  valves  and  passages  which  serve  te> 
admit  gas  and  air  in  the  proper  proportions  and  to  discharge  the  waste 
products  from  the  cylinder.     {8.  and  A.  Hon.  Exam.,  1889.) 

5.  Describe  an  apparatus  for  recording  the  changes  of  pressure  in  the 
interior  of  a  vessel  containing  an  explosive  mixture  of  gas  and  air  during 
given  short  intervals  of  time  after  ignition.  Why  is  hydrogen  gas  un- 
suitable for  use  in  a  gas  engine?    (S.  and  A.  Adv.  Exam.,  1890.) 

6.  Sketch  a  section  through  the  cylinder  and  piston  of  the  Otto  gas 
engine,  and  state  precisely  the  method  of  working  an  engine  of  this  type. 
Enumerate  the  cycle  of  operations  during  two  complete  double  strokes  of 
the  piston.     (S.  and  A.  Adv.  Exam.,  1890.) 

7.  Sketch  and  describe  the  mechanical  parts  between  the  crank  shaft  of 
an  Otto  engine  and  the  exhaust  valve,  showing  the  manner  in  which  the 
exhaust  valve  is  opened  at  each  alternate  return  stroke,  and  how  and 
when  the  valve  is  closed?    {S.  and  A.  Adv.  Exam.,  1890.) 

31 
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SCIENCE  AND  ABT  DEPARTMENT'S  SECOND  STAGE 
OB  ADVANCED  EXAMINATION,  1891. 

21.  Given  Regnault's  formula — 

H  -  1091*7  +  305  (t  -  32). 

Find  the  number  of  British  thermal  units  required  to  convert  1  lb.  of 
water  at  60°  F.  into  1  lb.  of  steam  at  130  lbs.  pressure  and  temperature 
347°  F.  If  a  locomotive  boiler  gives  8  lbs.  of  dry  steam  at  130  lbs.  pressure 
for  the  burning  of  1  lb.  of  coal,  the  water  in  the  tender  being  at  60°  F., 
how  many  thermal  units  does  each  pound  of  fuel  render  available  for  use  in 
the  engine?    Ana.  1159*775;  9278*2. 

22.  When  a  steam  jacket  is  provided  for  the  cylinder  of  an  engine  which 
is  worked  by  expausion  of  steam,  account  clearly  for  the  fact  that  a  certain 
amount  of  jacket-steam  is  condensed  at  each  stroke  of  the  piston. 

23.  State  the  advantages  which  result  from  the  use  of  compound  cylinder 
engines.  Describe,  with  a  sketch,  the  general  arrangement  of  a  horizontal 
tandem  compound  engine. 

24.  Sketch  a  steam  slide-valve  with  an  expansion- valve  at  the  back,  and 
-describe  clearly  the  arrangement  by  which  the  grades  of  expansion  can  be 
varied  as  required. 

25.  With  stationary  horizontal  land  engines  the  practice  is  to  fix  a  slide 
liar  or  bars,  over  which  the  crosshead  moves  on  the  lower  surface  only. 
But  in  locomotives  two  bars  are  fitted,  one  above  and  the  other  below  the 
crosshead  or  slide  block.  Account  fully  for  this  difference,  and  sketch  the 
alide-bars  and  crosshead  in  the  two  cases. 

26.  Sketch  a  link-motion  reversing  gear  for  a  locomotive  or  marine 
engine,  and  explain  how  the  reversal  is  effected. 

27.  Explain  the  advantages  of  the  crossed-arm  governor  for  a  steam- 
engine.  Find  the  height  of  the  cone  when  the  engine  is  making  40 
revolutions  per  minute,  and  prove  the  formula  on  which  you  rely. 

28.  Write  down  the  formula  which  connects  the  weight  of  a  fly-wheel,  its 
radius  of  gyration,  the  number  of  revolutions  per  minute,  and  the  number 
of  foot  lbs.  of  work  stored  up  in  the  wheel.  Assuming  that  the  radius  of 
gyration  has  been  ascertained,  how  is  the  formula  established  from  elemen- 
tary principles  ? 

29.  The  diameter  of  a  steam  cylinder  is  8  inches,  the  stroke  of  the  piston 
is  18  inches,  the  number  of  revolutions  per  minute  is  150,  and  the  mean 
effective  pressure  of  the  steam  is  35  lbs.,  find  the  I.  H.  P.,  taking  «■  =  3f . 
The  same  engine  is  tested  by  a  brake-pulley  on  the  crank-shaft  5  feet  in 
diameter,  the  effective  load  on  the  brake  being  294  lbs.,  with  a  radius  of 
24  feet.  Find  the  brake  horse-power,  and  the  working  efficiency  of  the 
engine.     A  ne.  24;  21 ;  87*6  per  cent 

30.  Sketch  and  describe  the  Richard's  Indicator,  and  describe  the  practi- 
cal operation  of  taking  a  diagram  from  a  direct  acting  stationary  engine. 

31.  Give  (1)  a  longitudinal,  and  (2)  a  transverse  section  of  a  stationary 
multitubular  boiler,  for  generating  high-pressure  steam.  The  boiler  is  to 
contain  two  furnace  tubes,  and  two  groups  of  flue-tubes.  Describe  generally 
the  construction  of  the  boiler,  stating  which  seams  are  single  and  which 
double  riveted,  and  for  what  reason. 

32.  Show  in  section  the  steel  tyre  of  a  railway-carriage  or  locomotive 
wheel.  Describe  the  process  of  manufacturing  such  a  tyre,  and  illustrate 
by  sketches  a  good  method  of  securing  the  tyre  to  the  wheel. 
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33.  Describe,  with  sketches,  some  arrangement  by  which  the  engines 
which  drive  a  screw  propeller  are  relieved  from  the  thrust  of  the  screw 
shafting. 

34.  Describe  the  arrangement  and  mode  of  working  the  Lenoir  gas-engine, 
and  draw  a  probable  indicator  diagram,  marking  off  the  principal  changes 
which  give  rise  to  the  peculiar  form  of  the  diagram. 

35.  Sketch  and  describe  the  mechanism  for  actuating  the  slide  and  exhaust 
valves  of  the  Otto  engine,  and  account  for  this  construction,  showing  the 
manner  in  which  the  valves  produce  the  necessary  cycle  of  operations. 

36.  Explain  clearly  the  arrangement  by  which  the  speed  of  an  Otto 
engine  is  regulated. 


SCIENCE  AND  ART  DEPARTMENT'S  SECOND  STAGE 
OR  ADVANCED  EXAMINATION,  1892. 

21.  Define  the  term  "latent  heat,"  and  distinguish  between  the  heat 
expended  in  external  work  and  that  expended  in  internal  work  during 
evaporation.  Find  in  foot-pounds  the  external  work  done  in  converting 
1  lb.  of  water  at  212°  F.  into  steam  at  212*  F.,  having  given  volume  of 
1  lb.  of  water  =-016  cubic  foot,  volume  of  1  lb.  of  steam  at  212°  F.  =26*4 
cubic  feet,  pressure  of  steam  at  212°  F.  =  14*7  lbs.  per  sq.  inch.  Find 
also  the  internal  work  done.    Ana.  55,849*65  ft. -lbs.;  690,365*55  ft. -lbs. 

22.  Explain,  as  clearly  and  concisely  as  you  can,  the  difference  as 
regards  relationship  of  temperature  and  pressure  between  a  perfect  gas 
like  air  and  a  saturated  vapour  like  steam.  What  is  meant  by  super- 
heating steam,  and  why  should  it  be  worth  while  to  use  super-heated 
steam? 

23.  Sketch  a  sectional  elevation  of  a  connecting-rod  end.  Name  the 
material  of  which  each  part  is  made.  If  such  an  end  is  adjusted  by  a 
nut  working  on  the  screwed  end  of  the  cotter,  and  the  taper  of  the  cotter 
is  i  inch  to  the  foot,  tbe  screw  having  8  threads  to  the  mch ;  how  many 
turns  of  the  nut  will  be  necessary  to  bring  the  brasses  <fr  inch  closer 
together?    An*.  12  turns. 

24.  Draw  in  section  the  steam  chest  and  cylinder  of  a  steam  engine  of 
any  class  which  you  select,  showing  piston-rod  with  gland  and  stuffing-box 
and  with  slide  valve  and  expansion  valve  on  the  back  just  on  the  point  of 
cut-off  at  I  of  the  stroke.  Show  the  piston  and  valves  in  their  proper 
position,  and  indicate  the  direction  in  which  the  piston  and  each  valve  will 
be  moving. 

25.  The  crank  of  a  horizontal  engine  measures  2  feet  from  the  centre  of 
the  shaft  to  the  centre  of  the  crank-pin,  and  the  connecting-rod  measures 
8  feet  in  length.  Find  the  sine  of  tne  angle  which  the  crank  will  make 
with  the  vertical  when  the  piston  is  (1)  at  half  stroke,  (2)  at  quarter  stroke. 
An*.    125;    583. 

26.  State  the  advantage  of  a  compound  engine  over  a  simple  engine,  both 
using  the  same  steam  pressure  and  ratio  of  expansion.  Sketch  a  section 
through  a  compound  vertical  engine  showing  the  cylinders  with  a  single 
slide-valve  between  them,  and  explain  the  mode  of  distributing  the  steam. 

27.  In  what  manner  are  pressure  gauges  for  steam  boilers  often  con- 
structed from  a  piece  of  curved  metal  tubing  whose  transverse  section 
is  of  the  flattened  oval  form  ?    Explain  the  principal  upon  which  such  a 
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gauge  acts,  and  account  for  the  result.  Sketch  the  connection  between 
the  end  of  the  tube  and  the  index  finger  ot  the  gauge.  How  is  the  gauge 
tested  for  accuracy ! 

28.  Sketch  the  Ramsbottom  spring  safety-valve  as  applied  to  locomo- 
tives, shewing  clearly  how  the  lever  is  prevented  from  flying  off  in  the 
event  of  the  spring  breaking.  What  are  the  advantages  of  this  mode  of 
construction  \ 

29.  Define  the  term  "  isochronous  '*  as  applied  to  governors.  How  may 
isochronism  be  approximately  obtained?  rrove  the  formula,  connectiug 
the  height  of  the  cone  of  revolution  and  the  number  of  revolutions  per 
minute,  for  a  simple  pendulum  governor. 

30.  What  are  piston  slide-valves?  Sketch  a  section  through  the  cylinder- 
ports  and  piston- valve  of  an  engine  where  such  an  arrangement  is  adopted. 
Describe  the  action  of  the  valve,  and  the  mode  in  which  the  working 
surfaces  are  made  steam  tight. 

31.  Describe  Richards'  iudicator,  and  point  out  precisely  the  mechanism 
by  which  the  pencil  is  actuated,  giving  the  reason  for  the  special  con- 
struction. The  barrel  of  such  an  indicator  is  2  inches  in  diameter,  and  it 
vibrates  through  f  of  a  revolution.  The  area  of  the  diagram  is  3}  square 
inches,  and  the  motion  of  the  pencil  is  three  times  that  of  the  indicator 
piston.  Taking  the  mean  pressure  of  steam  to  be  174  lb*-  I**  square  inch, 
find  what  force  corresponds  to  a  motion  of  1  inch  of  the  spring.  Ant. 
67  47  lbs. 

32.  Give  a  short  account,  with  a  sketch  or  sketches,  of  the  Otto  and 
Langen  atmospheric  gas  engine  which  preceded  the  modern  type  of  gas 
engine.  Point  out  the  nature  of  the  novel  principle  of  action  which  has 
been  adopted  in  the  modern  Otto  engine. 

33.  Wnat  would  bo  the  I.H.P  of  an  Otto  gas  engine  which  has  a  piston 
of  12  inches  in  diameter  and  a  crank  8  inches  in  length?  The  engine 
works  at  150  revolutions  ]>er  minute,  and  there  is  an  explosion  every  2 
revolutions,  the  mean  pressure  in  the  cylinder  being  62  lbs.  per  square 
inch.     Sketch  a  normal  indicator  diagram  of  the  engine. 

SCIENCE   AND  ART   DEPARTMENT'S   HONOURS 
EXAMINATION,  1801. 

41.  Find  an  expression  for  the  efficiency  when  air  at  60°  F.  is  compressed 
to  a  pressure  of  5  atmospheres,  then  cooled  down  under  a  constant  pressure 
to  60  F.,  and  afterwards  used  for  doing  work  by  expanding  it  back  again 
to  the  pressure  of  the  atmosphere. 

42.  Ihe  expansion  curve  of  steam  working  in  a  jacketed  cylinder  is  P»= 
constant,  the  steam  is  dry  before  entering  the  cylinder  at  100  lbs.  absolute 
pressure  and  temperature  327° '5  F.,  and  expands  down  to  40  lbs.  absolute 
and  temperature  267°  F.,  the  volume  of  1  lb.  of  steam  at  40  lbs.  being 
10*3  cubic  feet ;  find  the  heat  supplied  to  each  pound  of  steam  which  passes 
into  the  cylinder,  the  steam  being  dry  at  the  end  of  the  stroke.  Given  hyp. 
log.  2«  69315,  hyp.  log.  5=160944. 

43.  Explain  clearly  in  what  manner  and  to  what  extent  clearance  will 
affect  the  indicator-diagram  of  an  engine.  What  would  be  the  difference 
in  the  indicator-diagrams  of  an  engine  working  with  steam  at  120  lbs. 
absolute  pressure,  with  cut-off  at  "25  of  the  stroke  when  the  volume  ol 
the  total  clearance  space  (in  cylinder  and  passages)  is  equal  to  fr  and  £ 
respectively  of  the  contents  of  the  cylinder  ? 
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44.  Referring  to  Zeuner's  valve  diagram,  you  are  required  to  explain 
clearly  the  manner  in  which  you  construct  the  diagram  from  the  curve  of 
position  of  the  slide-valve,  the  obliquity  of  the  eccentric-rod  being  neglected. 
The  stroke  of  an  engine  is  24  inches,  the  connecting-rod  4  feet  Ions,  the 
travel  of  the  valve  4  inches,  the  outside  lap  4  inch,  inside  lap  {  inch,  and 
the  angle  of  lead  0°.  Find  the  positions  of  the  piston  at  the  points  of  cut-off, 
release,  and  compression  respectively. 

45.  Describe,  with  sketches,  some  form  of  reversing  valve-gear,  wherein 
the  extremity  of  the  valve-rod  is  so  controlled  as  to  describe  an  oval  curve. 
Explain  clearly  the  principle  of  construction,  and  the  reversal  of  the  engine 
by  shifting  the  longer  axis  of  the  curve. 

46.  Describe  the  method  of  admitting  steam  to  the  cylinders  of  a  com- 
pound locomotive  engine  on  starting  the  same.  Sketch  the  starting  and 
intercepting  valves,  and  explain  their  respective  functions. 

47.  Describe,  with  sketches,  the  manner  in  which  surface  condensation  is 
carried  out  in  marine  engines. 

49.  Find  an  expression  for  the  height  of  the  cone  in  a  loaded  governor 
when  rotating  at  a  given  number  of  revolutions  per  minute.  Show,  by  a 
sketch,  the  connection  of  the  governor  with  a  throttle-valve.  By  what 
arrangement  may  the  tendency  to  over- sensitiveness  be  corrected  ? 

iVO.  Describe,  with  sketches,  the  arrangement  for  lighting  the  charge  in 
an  Otto  gas-engine. 

SCIENCE   AND   ART   DEPARTMENT'S   HONOURS 
EXAMINATION,  1892. 

41.  Find  an  expression  for  the  work  done  by  5  cubic  feet  of  air,  at  a 
pressure  of  50  lbs.  per  square  inch,  when  expanding  at  a  constant  temper- 
ature of  110°F.  into  a  volume  of  8  cubic  feec.  State  the  amount  of  neat 
which  must  be  supplied  during  expansion,  and  give  reasons  for  your 
statement. 

Given,  hyp.  log.  2  =  '69315. 
hyp.  log.  10  =  2-30259. 

42.  Sketch  and  describe  any  form  of  reversing  gear  with  a  single  fixed 
eccentric.  State  clearly  the  mode  in  which  reversing  is  accomplished  in 
the  sear  you  select  as  an  example. 

48.  Sketch  and  clearly  explain  the  action  of  the  Corliss  valve  gear. 
Wherein  lies  its  special  advantages?  What  is  the  object  of  separate 
exhaust  valves  in  the  Corliss  engine. 

44.  Explain  the  method  of  drawing  a  combined  diagram  for  a  compound 
engine.  Take  a  compound  engine  with  the  following  dimensions :  H.P. 
cylinder,  30  inches  in  diameter,  L.P.  cylinder,  57  inches  in  diameter,  and 
36  inches  stroke  in  both  cylinders.  Steam  enters  the  H.P.  cylinder  at 
70  lbs.  absolute,  the  cut-off  in  both  cylinders  being  at  half  stroke,  and 
the  back  pressure  in  the  L.P.  cylinder  being  4  lbs.  There  is  a  large 
intermediate  receiver  in  the  engine.  Construct  the  probable  respective 
diagrams,  and  combine  them,  using  hyperbolas  for  the  expansion  curves. 

45.  Explain  Carnot's  cycle,  and*  show  that  no  engine  working  between 
the  same  limiting  temperatures  can  be  more  efficient  than  an  engine 
working  according  to  Carnot's  cycle. 

46.  It  being  given  that  the  pressure  of  dry  saturated  steam  at  337°  F. 
is  113*7  lbs.  per  square  inch,  and  at  339°  F.  is  116*9  lbs.  per  square  inch, 
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also  that  it  requires  308*8  B.T.U.  to  raise  1  lb.  of  water  from  32°  F.  to 
338°  P.f  find  the  volume  of  1  lb.  of  dry  saturated  steam  at  338°  F. 
Establish  the  formula  upon  which  you  rely  in  making  this  computation. 

47.  Describe  with  a  sketch  or  sketches  an  arrangement  by  means  of 
which  the  adjustments  in  Meyer's  valve  gear  may  be  effected  automati- 
cally by  the  governor  of  the  engine.  In  such  a  gear  the  main  valve  cuts 
off  steam  at  *8  of  the  stroke,  the  maximum  opening  of  the  steam  being 
If  inches,  and  the  lead  £  of  the  lap.  Find  the  travel  of  the  main  valve, 
and  the  angular  advance  of  the  eccentric.  Ana.  T  =  3-61";  L»  =  -68"; 
e  =  16°. 

48.  Sketch  a  sectional  elevation  of  a  compound  engine  of  any  type  you 
may  select,  and  describe  its  general  construction.  Show  clearly  the  whole 
arrangement  of  valves  for  distributing  the  steam. 

49.  Describe,  with  details  of  construction,  some  form  of  rotary  steam 
engine  which  is  in  use  at  the  present  time. 

60.  Describe  the  cycle  of  operations  in  an  Otto  gas  engine,  and  explain, 
by  sketches,  the  mechanism  adopted  for  carrying  out  this  cycle.  Describe 
briefly  a  mode  of  admitting  the  mixed  charge  of  gas  and  air,  and  of  firing 
the  same,  in  the  engine  which  you  select. 


SCIENCE  AND  ART  DEPARTMENT'S  SECOND  STAGE 
OR  ADVANCED  EXAMINATION,  1893. 

21.  Taking  the  case  of  the  conversion  of  1  lb.  of  water  at  32°  F.  into  dry- 
saturated  steam  at  a  pressure  of  182  lbs.  and  a  temperature  of  374°  F.,  find 
in  thermal  units  the  quantities  of  heat  required  (1)  to  raise  the  water  up  to 
374°  F. ,  (2)  to  perform  the  external  work  required  during  evaporation, 
(3)  to  perform  the  internal  work  required  during  evaporation.  It  is  riven 
that  the  total  heat  of  1  lb.  of  such  steam  from  water  at  32°  F.  =  923520  ft.- 
lbs.,  and  its  volume  =  2*5  cubic  feet. 

22.  Name  the  principal  parts  of  a  steam  engine  where  the  leakage  of 
steam  is  to  be  avoided,  and  state  the  methods  adopted  for  preventing  the 
leakages.    Make  any  sketches  which  you  think  necessary. 

23.  Describe  and  show  by  sketches  the  construction  of  the  fire-box  of 
a  locomotive  boiler,  and  the  mode  of  attachment  to  the  shell  of  the  boiler. 

24.  The  outside  lap  of  a  slide  valve  is  }  inch,  and  the  inside  lap  is  \  inch, 
the  valve  travels  3}  inches,  and  the  angle  of  advance  is  35°.  Find  the 
fraction  of  the  stroke  before  the  steam  is  cut  off,  and  draw  the  hypothetical 
indicator  diagram  which  such  an  engine  would  afford. 

25.  Sketch  and  describe  the  thrust  block  of  a  propeller  shaft,  and  explain, 
upon  mechanical  principles,  the  reasons  for  the  construction  adopted. 

26.  Sketch  the  steam  regulator,  valve  rod,  and  starting  handle  for  a 
locomotive  engine.  Where  is  the  valve  placed,  and  why  ?  Show  clearly 
the  construction  adopted  to  reduce  the  torce  required  to  move  the  valve 
when  starting  the  engine. 

27.  A  cylindrical  boiler  shell  is  6  feet  in  diameter,  and  is  made  of  steel 
plates  A  inch  in  thickness,  which  have  a  maximum  safe  or  working  stress  of 
11,000  lbs.  per  sq.  inch  of  section.  What  would  be  the  steam  pressure  to 
which  such  a  boiler  could  be  worked  if  the  riveted  joints  are  supposed  to 
have  a  strength  '65  of  the  solid  plate  ? 

28.  Describe,  with  such  sketches  as  you  think  necessary,  Stephenson's 
link  motion  for  reversing  an  engine,  and  explain  clearly  the  principle  upon 
which  it  acts. 
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29.  A  simple  double-acting  condensing  engine  has  a  cylinder  of  20  inches 
diameter  and  30  inches  stroke.  The  engine  makes  100  revolutions  per 
minute,  and  is  supplied  with  steam  having  an  initial  absolute  pressure  of 

75  lbs.  per  sq.  inch.     Steam  is  cut  off  at  -  of  the  stroke,  and  the  mean 

absolute  back  pressure  is  3  lbs.  per  sq.  inch.  Draw  as  accurately  as  you 
can  the  probable  indicator  diagram  of  the  engine  working  under  these  con- 
ditions, and  calculate  the  approximate  indicated  horse-power  of  the  engine. 
Given  hyp.  log.  5  =  1*61. 

30.  Describe  the  construction  of  a  loaded  governor  for  a  steam  engine. 
Compare  the  advantages  of  such  a  governor  with  one  of  the  ordinary 
unloaded  form. 

31.  Describe  the  cycle  of  operations  for  the  admission  and  exhaust  of  the 
gases  from  the  cylinder  of  the  Otto  gas  engine,  and  give  the  necessary 
sketches  to  show  the  way  in  which  these  operations  are  carried  out.  How 
does  the  compression  of  the  gaseous  mixture  before  explosion  contribute  to 
the  economy  of  the  working  ? 

32.  If  the  heat  generated  by  the  combustion  of  the  charge  in  the  Otto 
gas  engine  raise  the  temperature  of  the  working  substance  from  300*  F.  to 
2,800°  Jr.,  whilst  the  volume  remains  constant,  and  if  the  expansion  be 
supposed  adiabatic,  find  the  efficiency,  having  given  that  the  useful  work 
developed  is  100,000  ft. -lbs.  for  each  pound  of  working  substance,  and  that 
its  specific  heat  at  constant  volume  is  130  ft. -lbs. 

SCIENCE  AND  ART  DEPARTMENT'S  HONOURS 
EXAMINATION,  1893. 

41.  Describe  and  illustrate  the  cycle  of  a  steam  engine  working  with 
adiabatic  expansion  and  with  complete  isothermal  condensation.  Compare 
the  efficiency  of  such  a  cycle  with  that  of  Carnot's  cycle  for  identical  range 
of  temperatures. 

42.  Show  clearly  by  the  aid  of  sketches  the  construction  of  a  steam 
jacketed  engine  cylinder.  From  whence  does  the  jacket  obtain  its  supply 
of  steam?  State  succinctly  the  advantages  of  steam  jacketing.  Is  it  more 
advantageous  with  fast  or  slow  running  engines,  with  high  or  low  grades  of 
expansion,  with  high  or  low  initial  pressures  of  steam  ? 

43.  Sketch  and  describe  valve  gears  for  reversing  an  engine  (1)  when 
a  single  fixed  eccentric  is  employed,  (2)  when  the  eccentric  is  dispensed 
with.  Explain  the  principle  upon  which  each  arrangement  acts,  and  state 
some  practical  advantages  resulting  from  the  adoption  of  such  arrange- 
ments, 

44.  Describe,  with  sketches,  an  arrangement  of  the  cylinders  and  valve* 
in  a  compound  locomotive  engine,  and  explain  by  reference  to  sketches  the 
mode  of  distributing  the  steam. 

45.  Describe  some  modern  form  of  high  speed  engine  with  retiprocating 
piston,  in  which  the  steam  acts  only  on  one  side  of  tne  piston,  showing  the 
arrangement  for  preventing  a  reversal  of  the  stress  in  the  connecting-rod. 
What  is  the  special  advantage  of  constructing  an  engine  in  this  manner? 

46.  Sketch  a  longitudinal  section  through  GifFard's  injector.  Discuss 
the  principle  of  its  action,  giving  any  limitations  as  to  the  conditions  for 
successful  working  of  the  apparatus. 

47.  Describe,  with  sketches,  the  manner  in  which  condensation  of  steam 
is  carried  out  in  the  best  marine  engines.  Contrast  this  method  with  that 
formerly  in  use. 
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43.  A  quantity  of  air  at  60°  F.  is  compressed  adiabatically  to  J  its 
volume,  and  is  then  cooled  down  to  00°  F.  at  constant  pressure.  The  com- 
pressed air  is  next  used  for  doing  work  hy  expanding  adiabatically  to  tho 
initial  pressure.     Show  that  the  ratio  of  the  work  done  during  expanaiou 

to  that  expended  during  compression  —  It)  •    Prove  the  formula  upon 

which  you  rely. 

49.  Sketch  and  describe  fully  the  arrangement  for  lighting  the  charge  in 
the  new  type  of  Otto  gas  engine  where  no  slide  valve  is  used,  and  further 
show  how  the  speed  of  the  engine  is  regulated. 

SCIENCE  AND  ART  DEPARTMENT'S  SECOND  STAGE 
OR  ADVANCED  EXAMINATION,  1894. 

21.  The  term  "latent  heat"  being  used  to  express  the  whole  heat 
required  to  turn  water  at  a  given  temperature  into  saturated  steam  at  the 
same  temperature,  why  is  it  so  called?  Of  what  separate  parts  does  it 
consist,  and  how  can  you  obtain  a  numerical  measure  of  each  part  in 
British  thermal  units  ?  Point  out  fully  the  data  which  you  would  require 
for  this  purpose. 

22.  Sketch  and  describe  the  action  of  an  indicator  for  measuring  the 
power  of  an  engine.  If  the  scale  of  an  indicator  diagram  is  60  lbs.  to  the 
inch,  the  area  of  the  diagram  3*98  square  inches,  and  its  greatest  length 
parallel  to  the  atmospheric  line  2}  inches,  the  crank  of  the  engine  being 
13  inches,  the  diameter  of  the  cylinder  15  inches,  and  the  number  of  revolu- 
tions per  minute  80 ;  find  the  I.H.P. 

23.  Sketch  a  transverse  and  longitudinal  section  of  an  ordinary  marine 
boiler,  showing  clearly  how  the  ends,  tube  plate,  and  combustion  chamber 
are  respectively  stayed.  Point  out  the  reasons  for  the  construction  whi^h 
you  select. 

24.  Sketch  and  describe  Watt's  parallel  motion  in  its  simplest  form. 
What  is  the  actual  path  of  the  guided  point  when  the  links  move  through 
a  complete  cycle?  Upon  what  geometrical  principle  is  this  combination 
added  to  io  order  to  actuate  the  end  of  the  air-pump  rod  as  well  as  that  of 
the  piston-rod  ? 

25.  Explain  carefully,  with  sufficient  sketches,  how  you  would  combine 
into  one  diagram  the  indicator  cards  from  the  two  cylinders  of  a  compound 
engine.  State  fully  the  data  you  would  require  in  addition  to  the  actual 
cards. 

26.  Sketch  in  section  the  cylinder  and  valves  of  a  Corliss  engine.  Show, 
by  careful  sketches,  the  means  employed  for  working  the  steam  and 
exhaust  valves  respectively. 

27.  Find  the  height  of  a  simple  conical  pendulum  revolving  at  80  revolu- 
tions per  minute.  If  a  loaded  governor,  making  210  revolutions  per 
minute,  had  a  weight  of  20  lbs.  attached  to  the  sleeve,  the  balls  weighing 
2  lbs.  each,  what  would  be  its  height,  the  vertical  motion  of  the  balls  being 
half  that  of  the  sleeve  ? 

28.  Make  such  sketches  as  will  show  the  construction  of  a  surface  con- 
denser, and  describe  its  action.  What  auxiliary  pumps  are  required  ?  In 
what  way  are  the  tubes  fitted  so  as  to  prevent  leakage  and  allow  of  expan- 
sion and  contraction  ? 

29.  Describe,  with  the  necessary  sketches,  some  form  of  reversing  gear 
suitable  for  a  locomotive  or  other  engine. 
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30.  Make  such  sketches  as  yon  think  necessary,  and  describe  the  cataract 
and  its  connections  for  regulating  the  number  of  strokes  made  per  minute 
by  a  Cornish  single-acting  pumping  engine. 

31.  In  an  Otto  gas  engine,  describe  the  method  of  taking  an  indicator 
diagram,  and  sketch  the  probable  form  of  the  same,  explaining  the  cycle  of 
operations  by  reference  to  the  diagram. 

If  the  cylinder  be  0  inches  in  diameter,  the  stroke  IS  inches,  the  number 
of  explosions  per  minute  50,  and  the  mean  effective  pressure  shown  by  the 
diagram  be  84  lbs.  per  square  inch,  find  the  indicated  H.  P. 

32.  Sketch  a  longitudinal  section  through  the  cylinder  of  an  Otto  gas 
engine  when  fitted  with  a  tube  igniter.  Explain,  with  the  necessary 
sketches,  the  construction  of  the  igniter,  and  the  manner  in  which  it  acts. 


SCIENCE  AND  ART  DEPARTMENT'S  HONOURS 
EXAMINATION,  1894. 

41.  Describe,  with  such  sketches  as  you  think  necessary,  Joy's  valve 
gear.  Mark  on  your  sketch  the  forms  of  the  paths  of  the  various  pin 
centres,  and  describe  the  reversing  action. 

42.  A  certain  link  motion  gives  the  following  values  of  travel  and 
angular  advance  for  different  positions  of  the  gear,  namely — 

Travel  44  inches,  angular  advance  34° 
it      24        t»  »  »>        53 

Work  out  by  Zeuner's  or  other  valve  diagram  the  hypothetical  indicator 
diagram  (for  a  given  steam  pressure)  corresponding  to  each  position  of  the 
gear,  the  outside  lap  being  J  inch,  and  the  inside  lap  \  inch.  Give  the 
fraction  of  the  stroke  at  which  cut  off  of  steam  occurs  in  each  case. 

43.  Taking  the  expansion  curve  of  steam  working  in  a  jacketed  cylinder 
to  be  a  rectangular  hyper  bo.  a,  let  the  bteam  be  dry  before  entering  the 
cylinder  at  120  lbs.  per  square  inch  absolute  pressure,  and  temperature 
348°  F.,  and  let  it  expand  down  to  30  lbs.  per  square  inch,  and  tempera- 
ture 250°  F.  Find  the  heat  supplied  during  the  forward  stroke  to  each 
pound  of  Bteam  passing  into  the  cylinder,  if  the  steam  be  dry  at  the  end 
of  the  stroke.  Given  hyp.  log.  4  =  1*3863,  and  volume  of  1  lb.  of  dry 
saturated  steam  at  250°  F.  =  13*5  cubic  feet. 

44.  State   Carnot's  principle.      Point  out  the  chief   conclusions  of   a  . 
practical  kind  which  have  been  deduced  from  this  statement.     Give  the 
reasoning  on  which  you  found  a  measure  of  the  efficiency  of  a  perfect  heat 
engine. 

43.  Explain  clearly,  according  to  the  principles  of  the  theory  of  heat,  the 
manner  in  which  a  steam  engine  may  be  applied  successfully  to  the  refriger- 
ation of  air.  Supposing  the  principal  working  parts  to  consist  of  a 
steam  cylinder,  an  air  compression  cylinder,  and  an  air  expansion 
cylinder,  what  adjuncts  should  you  require  for  the  successful  carrying 
out  of  the  design,  and  how  would  you  arrange  the  engine?  Point  out 
the  precise  cause  which  leads  to  the  abstraction  of  heat,  and  make  a  sec- 
tion through  the  expansion  and  compression  cylinders. 

46.  Establish  a  formula  by  which  the  specific  volume  of  dry  saturated 
steam,  at  any  temperature  and  pressure,  may  be  calculated  by  reference  to 
tables  giving  the  pressure  and  latent  heat  of  saturated  steam  for  different 
temperatures. 
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47.  Describe,  with  sketches,  some  form  of  tandem  compound  engine 
either  for  stationary  or  marine  purposes.  Show  the  valves  you  would 
employ,  and  the  method  of  distributing  the  steam. 

48.  Explain  what  is  meant  by  automatic  expansion  gear,  showing 
wherein  fie  its  special  advantages  in  the  economic  working  of  an  engine. 
Sketch  such  an  arrangement  and  its  connections. 

49.  Describe,  with  proper  sketches,  a  form  of  vibrating  pendulum 
regulator  as  fitted  to  an  Otto  gas  engine,  and  explain  how  it  acts,  and 
is  made  adjustable.  Assuming  that  the  pendulum  is  actuated  by  the 
rotation  of  the  gas  and  air  valve,  describe  the  mechanism  connecting  the 
end  of  the  valve  with  the  pendulum,  showing  that  it  forms  a  well-known 
combination  in  linkwork. 
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Pressure  Gauges.  —  Instrument* 
for  indicating  the  intensity  of  the 
pressure  of  a  fluid  contained  in  a  closed 
vessel,  are  called  "pressure gauges,"  or 
"vacuum  gauges,"  according  as  they 
register  how  much  the  pressure  is  above 
or  below  that  of  the  atmosphere. 

The  Mercurial  Pressure  Gauge, 

as  seen  by  the  first  figure,  consists 
of  a  bent,  U,  glass  tube,  containing 
mercury,  from,  O,  round  the  bend  of 
the  tube  to,  O.  One  end  is  connected 
directly  to  the  closed  vessel,  or  say  to 
a  steam  boiler,  while  the  other  end  is 
connected  to  a  cup,  to  prevent  the 
mercury  being  lost  when  the  pressure 
rises  higher  than  the  range  of  the  tube. 
This  cup  is  open  to  the  air,  and  con- 
sequently the  pressure  of  the  atmo- 
sphere acts  on  tliat  side  of  the  mercurial 
column.  A  vertical  scale  is  fixed  im- 
mediately behind  the  vertical  limb 
connected  to  the  lioiler  or  closed  vessel, 
and  it  is  graduated  in  any  convenient 
manner—say,  for  lbs.  per  square  inch 
of  pressure.  As  the  pressure  increases, 
the  mercury  in  this  limb  is  depressed, 
and  rises  correspondingly  in  the  other 
limb.  When  the  pressure  in  the  closed 
vessel  equals  that  of  the  atmosphere, 
both  ends  of  the  mercury  should  stand 
at  0.  The  pressure  as  shown  by  the 
right  hand  scale  is  39  lbs.,  and  by  the 
left  one  as  fuUy  2|  atmospheres. 
Nothing  could  be  simpler  or  more 
accurate  than  this  arrangement,  for,  as 
we  saw  in  the  case  of  the  Marcet's 
boiler,  a  vertical  column  of  mercury 
produces  a  definite  pressure  of  about 
1  lb.  per  square  inch  for  every  2  inches 
in  height.  In  practice,  however,  the 
inside  of  the  glass  tube  gets  coated 
with  a  dirty  film,  owing  to  the  oxida- 
tion of  the  mercury,  which  prevents  the 
attendant  observing  the  exact  position 
of  the  depressed  end  of  the  mercurial 
column. 

Such  a  pressure  gauge  is,  of  course, 
inadmissible  on  board  a  ship  or  on  a 
locomotive,  owing  to  the  jerking  motion ; 
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and  farther,  the  length  of  the  tube  would  have  to  be  very  great  for  the 
pressures  now  carried  in  high-pressure  steam  boilers  (about  300  inches, 
or  25  feet  for  150  lbs.  on  the  square  inch).  For  these  reasons  its  use  has 
been  discarded  in  ordinary  practice;  but,  as  an  exact  and  standard 
instrument  for  scientific  purposes,  and  for  testing  and  calibrating  the 
working  pressure  gauges  (which  we  are  about  to  describe),  it  is  indis- 
pensable. In  all  the  best  works  where  ordinary  pressure  gauges  are  made 
and  tested,  a  long  graduated  vertical  mercury  column  or  gauge  is  supplied, 
with  which  these  may  be  compared  ;  and  there,  the  inside  of  the  glass  is 
occasionally  rubbed  clean  by  a  little  cotton-wool  fastened  to  the  end  of  a 
wire  and  dipped  in  sulphuric  acid. 

Mercurial  Vacuum  Gauge.— This  gauge  indicates  directly  the 
absolute  pressure  inside  a  vessel  such  as  the  condenser  of  a  steam  engine, 
the  suction  pipe  to  an  air-pump,  or  the  vacuum  pan  of  a  sugar-refinery. 
The  simplest  form  is  shown  by  the  second  figure  on  the  previous  page. 
It  consists  of  a  vertical  glass  tube  a  little  over  30  inches  in  length,  with  its 
lower  end  open  and  dipping  into  mercury  contained  in  an  iron  bottle, 
while  its  upper  end  is  attached  to  a  brass  cock  and  pipe  connected  with 
the  vessel  or  condenser.  A  scale  is  fixed  behind  the  glass  tube  graduated 
on  the  right  hand  into  inches,  and  on  the  left  hand  into  millimetres, 
but  it  would  be  more  convenient  if  this  latter  scale  were  divided  so  as  to 
show  the  absolute  or  the  back  pressure  in  lbs.  per  square  inch  due  to  an 
imperfect  vacuum.  The  more  perfect  the  vacuum,  the  higher  the  mercury 
rises  in  the  tube,  due  to  the  atmosphere  pressing  on  the  mercury  through 
a  small  hole  near  the  top  of  the  iron  bottle.  Every  2  inches  of  rise  corre- 
sponds to  a  diminution  of  about  1  lb.  of  back  pressure  per  square  inch. 

It  does  seem  absurd  that  we  should  thus  continue  to  register  pressures  in 
three  or  four  different  ways. 

1.  In  lbs.  per  square  inch  above  the  atmosphere— e.  p.,  in  the  case  of  the 
pressure  of  steam  m  a  boiler  by  ordinary  steam  gauges. 

2.  In  inches  of  mercury  from  atmospheric  pressure  downwards,  towards 
a  perfect  vacuum,  or  in  lbs.  per  square  inch  below  atmospheric  pressure — 
e.g.t  in  the  case  of  ordinary  vacuum  gauges  attached  to  condensers. 

3.  In  lbs.  per  square  inch  reckoned  from  a  perfect  vacuum,  or  what  are 
termed  lbs.  per  square  inch  absolute — e.g.,  in  the  case  of  the  back  pressure 
during  exhaust  of  a  condensing  engine. 

If  we  universally  adopted  the  Last  of  these  methods,  there  would  be  no 
confusion,  and  only  one  way  of  reckoning  pressures — vis.,  from  absolute 
zero.  Condenser  vacuum  pressures  would  then  range  from  0  to  15  lbs., 
and  boiler  pressures  from  15  lbs.  upwards. 

Bourdon's  Pressure  and  Vacuum  Gauges. —Steam  pressures  in 

boilers  or  pipes  are  usually  indicated  by  Bourdon's  pressure  gauges,  and 
negative  or  vacuum  pressures  in  condensers,  &c,  by  Bourdon's  vacuum 
gauges,  or  by  instruments  of  somewhat  similar  design  and  construction. 

The  construction  of  Bourdon's  pressure  gauges  is  clearly  shown  by  the 
figures  on  the  opposite  page.  Figure  C  shows  the  internal  mechanism  of 
such  a  gauge  in  its  earliest  and  simplest  form.  Figures  A  and  B  show  a 
sectional  elevation  and  plan  and  a  front  outside  view  of  a  modern  high- 
pressure  gauge  as  made  by  Messrs.  Schaffer  &  Budenberg.  The  internal 
mechanism  of  this  modern  form  of  gauge  differs  from  the  older  forms  only  in 
the  arrangement  of  details,  so  as  to  give  correct  readings  at  high  pressures. 
The  action  of  the  gauge  is  as  follows: — The  steam,  water,  or  gas  enters 
by  the  cock  (shown  with  the  gauge  in  figure  B)  to  the  curved  metallic 
tube,  T.  This  tube  is  made  of  hard  brass  or  steel,  and  has  its  upper  end 
hermetically  sealed.    The  cross-section  of  this  tube  is  of  a  flat  oval  form,  as 
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shown  in  figure  D.  It  has  its  greatest  breadth  fixed  perpendicularly  to 
th«  direction  in  which  the  tube  is  curved.  When  the  pointer  is  at  zero 
(that  is,  when  the  pressure  inside  the  tube  is  the  same  as  that  outside)  the 
tube  is  in  its  normal  state  as  regards  shape  and  curvature.  If,  now,  the 
pressure  of  the  fluid  contained  in  the  tube  be  above  the  external  or  atmo- 
spheric pressure,  the  tube  tends  to  become  more  and  more  circular  in  cross- 
section  the  greater  the  pressure  within  it,  and  the  tube  as  a  whole  tends 
to  straighten  out,  thereby  pulling  the  link,  L,  upwards.  This  motion 
is  transmitted  to  the  quadrant,  Q,  and  thence  to  the  toothed  wheel  T  W, 
fixed  on  the  same  axis  as  the  pointer,  P,  which  latter  moves  over  the  scale. 
Should  the  pressure  within  the  tube  be  less  than  that  of  the  surrounding 
atmosphere  (as  is  the  case  when  the  instrument  is  measuring  the  vacuum  of 
a  condenser),  then  the  cross-section  of  the  tube  becomes  flatter  than  its 
normal  or  ordinary  shape,  and,  consequently,  the  closed  end  of  the  tube 
curves  inwards,  thus  moving  the  pointer,  P,  in  the  other  direction. 


Diagram  Showing  the  Action  of  the  Bourdon  Tube 
under  Pressure. 

The  discovery  of  the  peculiar  action  of  the  tube  in  a  Bourdon  gauge  is 
exceedingly  interesting.  M.  Bourdon  was  engaged  trying  to  restore  to  its 
original  circular  section  the  worm-pipe  of  a  still  which  had  become 
flattened.  He  endeavoured  to  do  so  by  pumping  water  into  the  pipe  at  a 
great  pressure,  knowing  that  the  section  of  the  pipe  would  conform  to  the 
shape  consistent  with  greatest  strength,  which,  of  course,  is  the  circular 
shape.  During  the  experiment,  however,  it  was  observed  that  not  only  did 
the  shape  of  the  cross-section  tend  to  change,  but  the  tube  as  a  whole 
tended  to  straighten  out.  The  observation  of  these  facts  thus  led  M. 
Bourdon  to  usefully  apply  a  bent  oval  tube  in  the  form  of  a  gauge  for 
measuring  fluid  pressure. 

The  following  is  an  explanation  of  the  action  which  takes  place :— Let 
X  Y  Z  represent  the  curve  of  the  tube  in  its  normal  state,  Z,  being  the  free 
or  movable  end.  Let  mon  represent  the  cross-section  of  the  tube  when 
the  pressure  inside  is  balanced  by,  or  equal  to,  that  outside.  It  is  shown 
by  higher  geometry  that  when  a  flexible  and  in  extensible  surface  is  bent 
simultaneously  in  two  directions  at  right  angles  to  each  other,  that  the 
product  of  the  curvatures,*  in  these  directions,  is  a  constant  quantity.    Now 

•The  curvature  of  a  line  at  any  point  is  the  reciprocal  of  the  radius  0/  tke  curve  at  that 
point  The  curvature  of  a  circle  is  constant  and  eaual  to  -,  where  r  is  the  radios  of  the 
circle. 
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the  tabe  of  a  Bourdon's  gauge  is  bent  in  such  a  manner — for  it  is  bent 
in  the  direction  of  its  length,  and  also  at  right  angles  to  this  direction. 
Let  rl9  rt  be  the  radii  of  these  two  curves,  the  latter  being  the  curve 
of  the  cross-section.     Then  by  the  above  theorem, 

—  x  —  =s  constant. 

From  this  equation  it  follows  that  when  one  factor  of  the  term  on  the 
left-hand  side  increases  the  other  factor  must  decrease,  and  conversely. 
Now  this  is  really  what  happens.  When  the  pressure  of  the  fluid  inside 
the  tube  is  increased  the  cross-section  tends  to  become  rounder,  like  the 
dotted  lines,  m  o'  n,  that  is,  the  radius  of  the  curve,  rif  becomes  less. 
Consequently,  the  curvature  is  greater  than  before,  so  that  the  curvature, 

— ,  of  the   tube  in  the  direction  of  its  length  is  less  than  before,  which 

means  that  the  tube  has  straightened  out  into  some  position  such  as 
X  Y'  Z'.  The  pointer  is  thus  moved  to  positions  which  have  been  marked 
by  trial  to  correspond  with  the  excess  of  pressure  inside  the  tube  above 
that  outside.  The  reverse  of  this  takes 
place  when  the  pressure  within  the  tube 
is  less  than  that  outside — t.e.,  the  cur- 
vature of  the  cross-section  becomes  less, 
whilst  that  of  the  tube  becomes  corre- 
spondingly greater. 

Sch&ffer's  Gauge.  —  Another  form 
of  gauge,  which  represents  Schaffer's 
patent,  is  shown  in  the  accompanying 
figure,  the  difference  between  it  and  the 
Bourdon  patent  being,  that  the  former 
relies  upon  the  natural  elasticity  of  a  con- 
centrically corrugated  steel  plate  placed 
across  the  hollow  opening  in  the  flange 
of  the  pipe,  G,  which  communicates  with 
the  boiler  or  condenser.  The  centre  of 
this  corrugated  plate  is  attached  by  a 
clip  and  rod  to  the  toothed  quadrant  as 
shown.  When  the  pressure  is  greater 
than  that  of  the  atmosphere,  the  cor- 
rugated plate  is  bulged  upwards,  and 
when  it  is  less,  it  is  bulged  downwards. 
These  motions,  being  proportional  to 
the  pressures  per  square  inch,  are  corre- 
spondingly indicated  on  the  graduated  dial  by  the  pointer. 

Pressure  Pyrometer.— In  Lecture  III.,  under  the  heading  of  Pyro- 
meters, we  referred  to  this  instrument,  which  depends  for  its  action  upon 
the  fact  that  the  pressure  of  a  gas,  generated  from  a  liquid  with  which 
it  is  in  direct  communication,  corresponds  to  the  temperature  of  the 
liquid.  The  name  given  to  it  by  the  makers  is  the  Thalpotasimeter, 
and  it  is  constructed,  as  may  be  seen  from  the  following  figures,  of  a 
metal  stem,  containing  the  liquid,  and  ending  in  a  Bourdon  or  Schoffer 
gauge.  The  metal  stem  is  shown  fixed  in  the  first  case  into  a  pipe,  and 
in  the  second  case  into  a  flue,  through  which  hot  ga*es  are  passed. 
Their  temperature  inside  the  pipe  or  the  flue  is  communicated  to  the 
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stem  of  the  instrument,  and  therefore  to  the  liquid  within  it    If  water 
be  placed  within  the  stem,  then  the  pressure  (and  consequently  the 


Pressure  Pyrometers  or  Thalpotasimeters, 


temperature)  rises  in  accordance  with  Regnault's  tables  (see  Lecture  VII). 
Instruments  filled  with  ether  are  made  and  graduated  from  100°  to  220* 
Fah. ;  those  filled  with  water,  from  212°  to  6W  Fah. ;  and  those  filled  with 
mercury,  up  to  1400°  Fah. 

Aula's  Steam-Reducing  Valve.— Reducing  valves  are  used  for 
various  purposes  on  board  steamships  and  in  land  steam  plants  where  a 
lower  pressure  is  required  than  in  the  boilers.  The  action  of  Auld's 
reducing  valve  is  as  follows.  The  in-flowing  steam  is  admitted  between  the 
valve,  V,  and  a  piston,  P,  which  is  covered  by  an  india-rubber  disc  or  dia- 
phragm, I R.  The  piston  and  valve  are  in  equilibrium  on  the  inlet  or  high- 
pressure  side  of  reducing  valve.  A  column  of  water,  W  (represented  oy 
•dotted  lines  in  the  figure),  is  interposed  between  the  steam  and  the  india- 
rubber  disc  This  column  of  water  is  supplied  by  the  condensation  of  the 
steam  which  takes  place  in  the  steam  pi|)es.  The  desired  pressure  of  steam 
on  the  outlet  side  of  reducing  valve  is  obtained  by  compressing  or  relaxing 
the  steel  spiral  spring,  S  S  (by  the  adjusting  screw,  A  S,  which  passes  up 
through,  S  S),  until  the  index,  I,  is  opposite  the  figure  on  the  graduated 
scale,  G  S.  The  valve,  V,  being  thus  opened,  the  steam  flows  through  the 
valve  opening  to  low-pressure  side  of  reducing  valve  until  the  pressure  of 
-the  steam  on  that  side,  Dressing  on  the  upper  surface  of  the  valve,  V, 
balances  the  force  exerted  by  the  spiral  spring,  S  S. 

Should  it  be  desired  to  obtain  steam  (the  reverse  way  through  reducing 
valve)  from  the  donkey  boiler  for  deck  or  engine-room  machinery,  when 
there  is  no  steam  in  main  boilers,  it  is  only  necessary  to  compress  the 
spring,  S  S,  by  means  of  the  adjusting  screw,  A  S,  till  the  valve  is  opened. 

When  the  reducing  valve  is  used  for  supplying  steam  to  weak  steam 
chambers  or  pipes,  a  safety  valve  should  be  placed  on  the  low-pressure  side 
of  valve. 

These  reducing  valves  are  also  serviceable  for  reducing  and  regulating 
Automatically  the  pressure  of  water  or  air  as  well  as  of  steam. 
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Prevention  Of  Smoke.— At  present  the  local  authorities  in  most 
large  manufacturing  towns  are  seriously  directing  their  attention  to  the 
prevention  of  smoke,  not  only  from  the  furnaces  of  steam  boilers,  but 
also  from  ordinary  house- 
fires.  The  number  and  the 
variety  of  the  appliances 
which  have  been  patented 
with  this  object  in  view 
are  very  great.  We  shall, 
however,  only  notice  a  few 
of  those  which  have  been 
brought  specially  under 
our  notice  of  late. 

In  order  to  treat  this 
matter  fully  and  with  the 
importance  which  it  really 
deserves,  we  would  require 
to  devote  to  it  a  complete 
lecture  on  the  analyses  of 
different  coals  and  their 
qualifications,  the  chemi- 
cal actions  which  take 
place  in  the  furnace  and 
analyses  of  the  products  of 
combustion,  together  with 
the  temperatures  observed 
at  different  stages  of  the 
combustion  and  parts  of 
the  system  such  as  in  the 
furnace,  smoke-box,  tubes, 
flues,  and  chimney. 
Speaking  generally,  how- 
ever, the  emission  of  smoke 
from  a  furnace  is  a  sign  of 
imperfectly  burned  fuel. 
Consequently,  if  you  wish 
to  prevent  the  generation 
of  smoke  you  must  have 
as  perfect  combustion  as 
possible  of  the  coal  and  of 
the  gases  which  naturally 
more  or  less  arise  from  the 
burning  of  different  classes 
of  coal.  To  produce  com- 
bustion of  these  smoky 
gases  before  they  leave 
a  furnace,  they  must  be 
raised  to  a  very  high  tem- 
perature, and  be  intimately 
mixed  with  the  proper  pro- 
portion of  air.  One  of  the  simplest  ways  of  doing  this  is  to  keep  the 
back  part  of  the  boiler  furnace  always  at  a  high  degree  of  incan- 
descence, and  by  so  directing  the  smoky  gases  as  they  arise  from  the 
fresh  green  coal  at  the  front  end  that  they  shall  pass  down  upon  and 
over  the  incandescent  surface  at  the   back   end.      At   the  same  time 
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admitting  and  directing  the  proper  quantity  of  fresh  air  from  below  the 
back  furnace  ban  to  that  it  shall  pass  up  through  the  incandescent  coal 
and  there  become  heated  and  mixed  with  the  nested  crude  gases.  In 
this  way  you  can  induce  a  chemical  combination  which  readily  burns, 
leaving  an  almost  smokeless  flame  to  pass  into  the  tubes  or  flues.  The 
deposition  of  soot  will  thus  be  largely  avoided  in  the  flues  and  tubes  of  a 
boiler,  and  consequently  the  heat  will  be  more  efficiently  and  economically 
applied  for  the  desired  object  of  raising  steam.  There  will  be  much  less 
labour  required  in  keeping  the  heating  surfaces  clean,  and  the  atmosphere 
will  not  become  polluted  to  nearly  the  same  extent. 

A  careful  fireman,  if  provided  with  good  coal,  a  properly  proportioned 
furnace,  and  a  boiler  which  does  not  require  hard  stoking  in  order  to  give 
the  necessary  amount  of  steam,  can  easily  prevent  the  emission  of  smoke. 
The  difference  between  the  price  of  good  steaming  comparatively  smokeless 
coal  and  dross,  is  a  great  inducement  to  steam  users  to  employ  the  latter. 
With  dross  and  the  poorer  cheaper  qualities  of  smoky  coal  or  with  a 
boiler  that  requires  frequent  ana  hard  stoking  even  the  most  skilful 
fireman  will  be  unable  to  prevent  the  making  of  smoke.  In  such  cases  a 
good  mechanical  stoker  or  at  least  some  form  of  forced  draught  should  be 
fitted  to  the  boiler  and  so  arranged  as  to  produce  the  aforesaid  object  of 
burning  the  gases  before  they  leave  the  furnace  flue. 

With  vertical  boilers  and  house  fires  where  it  may  be  impossible  to 
bring  the  smoky  laden  gases  into  contact  with  a  highly  heated  incan- 
descent surface,  coke  or  gas-fires  should  be  partially  or  wholly  resorted 
to  wherever  convenient,  or  the  smoke  should  be  purified  by  some  such 
system  as  that  lately  carried  out  successfully  by  Colonel  Dulier  in  the 
case  of  domestic  fires.  His  system  consists  in  mixing  the  smoke  as  it 
leaves  the  flue  with  a  small  quantity  of  steam  generated  in  a  boiler 
forming  part  of  the  kitchen  range.  The  mixed  steam  and  smoke  pass 
into  an  open  chamber,  the  top  part  of  which  is  provided  with  a  number 
of  pipes,  placed  in  the  direction  of  the  prevailing  wind,  through  which, 
the  air  flows  and  helps  to  cool  the  gases.  At  the  extreme  top  of  this 
chamber,  just  before  passing  into  the  atmosphere,  the  gases  are  met  by 
a  very  fine  shower  of  water  issuing  from  minute  holes  in  a  pipe.  The 
result  of  this  treatment  is  a  very  thorough  washing  of  the  smoke  and  the 
almost  complete  removal  of  the  solid  matters  (soot  and  dust).  A  large 
proportion  of  the  sulphurous  acid  which  is  always  present  in  smoke  from 
coal  fires  is  also  trapped  and  prevented  from  contaminating  the  atmosphere. 

Greaves'  Incandescent  Smoke  Burner.— We  shall  commence  the 

description  of  a  few  kinds  of  smoke  prevention  and  fuel  economising 
appliances  with  an  account  of  the  design  by  Mr.  W.  MkG.  Greaves  of 
Manchester.  He  has  founded  his  patent  on  the  idea  that  the  temperature 
of  many  of  the  existing  boiler  furnaces  is  too  low  to  allow  of  a  thorough 
combustion  of  the  coal.  It  will  be  seen  from  the  accompanying  figure 
that  he  places  on  the  bridge  at  the  rear  of  a  furnace  three  arches  arranged 
one  above  the  other  in  such  a  manner  that  the  smoke  in  passing  from  the 
fire  to  the  flue  must  pass  over  their  surfaces.  These  arches  are  formed 
of  very  refractory  material  and  becoming  nearly  white  hot  or  highly 
incandescent,  they  raise  the  temperature  of  the  smoky  gases  (when  these 
pass  between  or  come  into  contact  with  them)  to  such  a  degree  that  the 
smoke  becomes  burned.  To  obtain  this  end,  and  to  maintain  the  heat 
when  the  furnace  door  is  open  for  the  purposes  of  stoking,  a  jet  of  hot 
air  is  introduced  into  the  furnace.  This  hot  air  is  caused  by  a  iet  of 
steam  from  a  small  bore  steam-pipe  fixed  to  and  passing  through  the 
furnace  door.      When  the  furnace  door  is  shut  this  hot  air  current  is 
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not  required  to  the  same  extent  as  when  the  door  is  open.  Consequently, 
as  the  small  steam  valve  on  this  pipe  is  opened  and  closed  automatically 
by  the  turning  of  the  furnace  door,  it  regulates  the  supply  of  steam 
accordingly.  It  is  stated  that  this  contrivance  requires  little  or  no 
attention  from  the  fireman  and  no  reconstruction  on  existing  furnaces.  It 
has  been  at  work  for  some  time  on  four  furnaces  at  the  "  Glasgow  News  * 


Greaves'  Inoahdkcbot  Smoke  Burezr, 


printing  works,  and  the  report  of  t'mt  paper  states  that  with  heavy  firing 
the  amount  of  smoke  emitted  from  the  four  furnaces  was  comparatively 
small,  never  at  any  time  being  black,  and  then  only  lasting  for  a  very 
short  time. 

The  "Duff"  Water-Tube  Furnace  Grate.— The  "Duff"  water- 
tube  smoke-consuming  furnace  grate,  as  here  illustrated,  is  constructed  of 
strong  tubes  fitted  into  steel  headers,  one  at  the  front  and  another  at  the 
back  end  of  the  prate.  The  front  header,  F  H,  is  connected  by  a  branch 
pipe,  B  P,  to  the  lower  part  of  the  boiler  front  plate.  The  back  header, 
B  H,  is  connected  by  a  branch,  B,  to  the  crown  of  the  furnace  or  flue. 
Behind  the  back  header,  at  a  short  distance  from  it,  is  fixed  a  hanging 
bridge,  H  B.  Beneath  the  grate,  and  some  distance  in  front  of  the  back 
header,  is  placed  another  bridge  or  deflector  flange,  D  F,  through  this  is 
an  opening,  which  is  closed  by  a  door,  D,  worked  by  a  handle,  H, 
extending  to  the  front  of  the  furnace.  When  the  boiler  is  at  work,  fuel 
is  fed  on  to  the  grate  in  the  usual  manner;  air  is  admitted  under  the 
grate,  and  deflected  upwards  by  the  front  deflector  plate,  DF;  the 
products  of  combustion  are  deflected  downwards  by  the  hanging  bridge, 
part  of  them  passing  down  through  the  incandescent  fuel  at  the  back  end 
of  the  grate,  the  remainder  passing  down  the  open  space  between  the  end 
of  the  grate  and  the  hanging  bridge.  Very  perfect  combustion  is  thus 
obtained.  Feed  water  is  admitted  to  the  boiler  in  the  usual  way ;  but 
after  finding  its  way  to  the  bottom,  it  is  quickly  put  into  rapid  circu- 
lation through  the  front  header,  the  tubular  bars  of  the  grate,  and  the 
back  header,  up  to  the  crown  of  the  furnace,  by  the  heat  imparted  to  it 
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through  the  water- tube  far  Dace  bars,  T.  Thus,  steam  is  raised  with 
greater  rapidity  than  with  ordinary  fire  bars ;  and,  as  the  circulation  is 
so  rapid,  the  temperature  of  all  parts  of  the  boiler  is  nearly  uniform. 
There  is,  therefore,  less  of  that  injurious  straining  and  racking  of  the 
boiler  which  occurs  in  some  cases  where  steam  is  raised  with  rapidity. 


fc'rf  «  ^  * 
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The  construction  of  the  grate  adds  considerably  to  the  heating  surface  of 
the  boiler,  and  the  fuel  is  burned  in  close  contiguity  to  the  water  passing 
rapidly  through  the  tubes.  Increased  efficiency  is  a  result  of  these 
circumstances,  irrespective  of  that  obtained  by  the  thorough  combustion, 
which  is  secured  by  the  other  arrangements  of  the  grate. 

The  tubes,  T,  forming  the  grate  are  made  larger  or  smaller  in  diameter, 
and  are  placed  at  a  greater  or  less  distance  from  each  other,  as  may  be- 
necessary  to  suit  different  kinds  of  fuel.  They  are  subject  to  a  high -proof 
pressure  before  being  fixed  in  the  grate,  and  as  the  rapid  circulation  of 
the  water  keeps  them  at  a  comparatively  low  temperature,  any  "clinker" 
formed  cannot  adhere  to  them,  and  is,  therefore,  easily  removed.  The- 
circulation  of  the  water  prevents  any  deposit  whatever  in  the  tubes, 
which  keep  clean  with  the  dirtiest  water.  The  ends  of  the  tubes  are- 
expanded  into  the  header  castings,  and  protected  by  the  surrounding 
water.  They  are  adapted  to  the  use  of  forced  draught  and  many  types 
of  boilers.  One  set  has  been  in  continuous  use  at  the  Blochairn  Work* 
of  the  Steel  Company  of  Scotland  for  over  two  years  on  a  Lancashire- 
boiler.  The  reports  which  the  author  has  received  of  its  successful 
working  and  of  the  very  small  cost  for  repairs  are  most  satisfactory. 

Meldrom's  Forced  Draught  and  Waste  Fuel  Furnace.— Thi* 

furnace  has  been  extensively  applied  for  burning  low  classes  of  fuel,  such 
as  coal  dust,  coke  dust,  anthracite  smudge,  dross,  &c.  Since  the  price- 
of  fuel  in  many  manufacturing  industries  constitutes  such  an  important- 
item  in  the  cost  of  production,  many  persons  are  only  too  glad  to  avail  them- 
selves of  any  workable  device  which  will  enable  them  to  increase  their 
profits  without  diminishing  the  supply  of  steam  from  their  boilers,  and  at 
the  same  time  save  them  from  coming  within  the  range  of  the  Authorities- 
administering  the  Smoke  Nuisance  Act.  As  will  be  gathered  by  an 
examination  of  the  accompanying  end  view  and  longitudinal  section, 
Meldrum's  furnace  consists  of  an  air-tight  fitting  cast-iron  plate  bolted  to- 
the  mouth  of  the  ashpit.  This  plate  has  a  small  air-tight  door  of  square- 
form,  which  may  be  removed  when  it  is  necessary  to  clean  out  the  ashpit. 
There  are  also  fixed  to  this  door  two  conical  blowers  supplied  with  steam 
from  a  small  pipe  connected  to  the  steam  space  of  the  toiler.  The  air- 
blast  induced  through  the  two  tubes  by  the  steam  which  issues  from  the- 
two  very  small  nozzles  is  regulated  at  will,  by  cocks  placed  in  a  handy 
position  near  the  furnace  door.  This  combined  flow  of  steam  and  forced 
air  up  through  the  very  narrow  air  slits  between  the  very  thin  fire  bars- 
keep  the  latter  comparatively  cool,  and  thus  prevents  the  adherence  of 
clinkers.  Besides  the  burning  of  inferior  fuels,  which  is  the  chief  object 
of  Meldrum's  furnace,  it  also  enables  boilers  to  be  forced  so  as  to  supply 
any  sudden  or  extra  demand  for  steam,  and  it  materially  tends  to  the 
prevention  of  smoke.  It  is  admirably  suited  (as  we  can  testify  from 
personal  observation)  for  consuming  the  large  and  almost  otherwise  worth- 
less quantities  of  coke  riddlings  produced  m  gas  works.  We  have  seen, 
several  of  them  at  work  in  the  Glasgow  Corporation  Gas  Works,  where 
the  general  manager,  Mr.  Fouiis,  has  had  them  applied,  not  only  to- 
Cornish  and  Lancashire  boilers,  but  also  to  the  water-tube  boilers  made  by 
the  Baboock  &  Wilcox  Company. 

Vicar's  Mechanical  Stoker.— As  will  be  seen  by  an  examination. 
of  the  general  view,  sections,  and  index  to  parts,  this  stoker  alas  at- 
finding  automatically  into  a  boiler  furnace  small  coal  and  slack -at  a- 
rcgnlar  rate  from  a  divided  hopper  The  fuel  is  gradually  pushed  down 
from  the  hoppers  on  to  the  fire-bars  by  means  of  alternately  reciprocating, 
plungers   actuated  by  eccentrics;    and,  then,  by  a  slow   reciprocating. 
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movement  of  the  alternate  sets  of  grate-bars,  carried  gradually  forward, 
thus  giving  time  for  the  fuel  to  become  coked  before  it  reaches  the  far 
end  of  the  grate.  Any  unconsumed  coal  together  with  any  clinkers  and 
ash  refuse  are  tinallv  discharged  over  the  end  of  the  urate  into  the  flues, 
where  they  are  banked  up  and  assume  a  highly  incandescent  mass  closing 
up  the  far  end  of  the  ashpit.      Over  this  white  hot  surface  sweep  the 


Vicar's  Mechanical  Stoker. 


smoke  laden  gases,  whereby  their  temperature  is  raised  to  such  an  extent 
that  the  fuel  and  the  smoke  are  most  thoroughly  and  effectually  consumed. 
The  supply  of  the  fuel  from  the  hoppers  and  the  gradual  movement  of  the 
same  along  the  furnace  is  actuated  by  independent  eccentrics  turned  by 
a  central  common  shaft,  driven  from  a  small  steam  engine  situated  at  the 
right-hand  end  of  the  shaft  (not  shown  on  the  figures).  The  alternate 
fire-bars  are  first  lowered  and  then  drawn  towards  the  front  end  of  the 
furnace,  and  then  all  the  fire-bars  are  moved  simultaneously  towards  the 
back  of  the  furnace.  This  up  and  down  travel  of  the  bars  may  be 
adjusted  from  nothing  to  about  4  inches,  by  simply  altering  the  leverage 
of  the  pall  on  the  racket  wheel  which  is  turned  by  the  driving  eccentrics. 
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Vicar's  Mechanical  Stoker  and  Self-Clinkering*  Smokeless 
furnace  as  applied  to  a  lancashire  boiler, 

Imxx  to  Pasts. 

D  E  represents  Driving  eooentric.  P  E  represent!  Plunger  eccentric. 

VEB         „         Vertical  eccentric  rod.  SH  „  Stoking  bar. 

H         „         Hopper.  TPB  „  Topflre-bar. 

HS         „         Hopper  shoot  BFB  „  Bottom  fire-bar. 

PL         „         Plunger  lerer.  F  „  Framing. 
BP        „         Beclprooatlng  plunger. 
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The  horizontal  movements  of  the  fire-bars  are  effected  by  cams  on  the 
centra]  shaft,  and  they  may  be  altered  at  pleasure  from  a  i  to  2  turns  of 
the  shaft  per  minute.  The  whole  framing  and  the  gearing;  connected 
therewith  are  made  quite  independent  of  the  boilers  to  which  they  may 
be  attached. 

An  excellent  example  of  this  mechanical  stoker  is  now  to  be  seen 
(August,  1892)  working  with  the  boilers  supplying  steam  to  the  engines 
driving  the  high-pressure  air-pumps  for  the  contractors  of  the  Under- 
ground Central  Kail  way  Tunnel  in  Glasgow.  Although  these  boilers 
are  supplied  with  ordinary  nuts  from  local  coal  pits,  not  a  particle 
of  smoke  can  be  seen  issuing  out  of  the  chimney  situated  in  St.  Enoch 
Square,  as  has  been  observed  and  tested  by  the  author  on  several 
occasions.  The  whole  secret  of  this  thorough  smoke  consumption  lies 
in  the  fact  that  the  gases  as  they  arise  from  the  crude  coal  are  raised  to 
that  degree  of  temperature  and  are  supplied  with  that  necessary  quantity 
of  air  which  will  just  induce  them  to  become  innamable. 

The  following  table  of  trials  of  Vicar's  Mechanical  Stokers  as  against 
hand  firing  with  and  without  forced  draught  will  prove  interesting  to  the 
student : — 


Trials  of  the  Vicar's  Mrchabical  Stokes*  AOAnisT  Hard  Fmnro  with  avd  without 
Forced  Draught. 


Botal  Paper  Hills 

Vauxhall  Water 

Wakmworth. 

Works. 

Hand  Firing 

Hand  Firing 

Vicar's. 

Forced 
Draught 

Vicar's. 

Ordinary 
Draught, 

Date  of  Trial,      .       .       .       . 

38/6/90 

34/J/90 

31-37/7/B8 

18-19/4/86 

Number  of  Boilers.    . 
Description  or  Boilers, 

1 

1 

4 

4 

Lancashire 

Lancashire 

Cornish 

Cornish 

Dimensions  of  Boilers, 

30/  x  V  ft" 

W  x  V  ft" 

38' x  6' 

M  x  6' 

Dimensions  of   Boiler  Floes, 

Diameter,       .... 

rv 

2' 9" 

*S" 

8' 6" 

Are*  or  Fire  Orates  (Total) 

Square  Feet,  .... 
Number  of  Hours  of  Trial, 

33 
10 

88 

10 

45-6 
168 

84 
168 

Designation  of  Coal,  . 

Bituminous 
(Small) 

Welsh  (Small) 

Bituminous 
(Slack) 

Welsh 

Coal  Consumed  (Total),    . 
Coal  Consumed  per  Hour  per 
Square  Foot  of  Fire  Grate,  . 

3  tons  18  cwta 

8  tons  4  owts. 

91  tons  16  cwta. 

37  tons  10  cwta. 

27  lbs. 

31-7  lbs. 

269  lbs. 

6  lbs. 

Water  Evaporated  per  Hour 

per  Boiler,      .... 

5,880  lbs. 

ft,0201ba 

3f  53S  lbs. 

1,063  lbs. 

Water  Eraporated  per  lb.  or 

Foel, 

8-98  lbs. 

7  lbs. 

8-35 

8-65 

Price  of  Fuel  per  Ton, 

13/- 

1ft/- 

18/- 

16/6 

Cost  of  Fuel  per  10,000  lbs.  of 

Water  Eraporated, 

6/ftt 

»/** 

7/4 

8/6 
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Hodffklnson's  Meehanical  Stoker.— The  principle  and  action  of 
this  stoker  are  very  similar  to  that  of  Vicar's.  The  fuel  passes  from  the 
hoppers,  H,  into  shoots  leading  to  each  side  of  the  floe,  and  is  pushed  by 
means  of  square  rams  driven  by  one  slowly-revolving  shaft  into  coking 
boxes,  CB,  of  peculiar  form,  so  arranged  as  to  drop  the  coked  coal  on 
to  the  fire- bars,  F  B,  in  continuous  regular  quantities.  The  bars  are  of 
a  novel  shape,  they  are  alternately  drawn  out  by  means  of  cams,  C,  and 
then  go  back  all  together  in  a  row,  carrying  the  coal  gradually  to  the  back 
of  the  fire-grate,  until  the  residue  drops  into  a  clinker  pit*  C  P,  behind 
the  fire-bars,  F  B,  where  any  residuary  neat  left  in  the  coke  and  clinker 
is  utilised.  The  accompanying  figures  show  an  end  view  and  vertical 
section  of  this  stoker  as  fitted  to  a  Babcock  &  Wilcox  boiler. 

Green's  Fuel  Economises -Messrs.  £.  Green  &  Son's  Economiser 
consists  of  a  series  of  cast-iron  pipes,  arranged  in  sections  of  various 
widths  to  suit  existing  circumstances,  and  placed  vertically  in  the  main 
flue  through  which  the  escaping  gases  from  the  boilers  pass  to  the  chimney. 
The  pipes  are  4  inches  internal  diameter  and  9  feet  long,  and  are  con- 
nected together  by  top  and  bottom  boxes  and  branch  pipes.  The  exterior 
of  these  pipes  is  kept  clean  by  sets  of  scrapers  attached  to  chains  actuated 
by  the  overhead  gearing  which  is  kept  in  motion  by  a  small  steam  engine 
or  water  motor,  all  as  shown  by  the  accompanying  folding-plate.  All 
joints  are  bored,  turned,  and  pressed  together  with  hydraulic  machinery, 
and  are  now  constructed  to  work  at  very  high  pressures.  The  feed- water 
is  passed  through  the  economiser  on  its  way  to  the  boilers,  and  thereby 
absorbs  heat  from  the  hot  gases  as  they  pass  to  the  chimney.  The  saving 
in  fuel  varies,  according  to  circumstances,  from  15  to  25  [>er  cent,  as  shown 
by  the  data  in  the  accompanying  table. 

These  economisers  can  lie  applied  to  any  kind  of  steam  boilers  without 
stoppage  to  the  works,  since  the  gases  may  be  passed  through  a  bye  flue 
during  the  erection  of  the  plant.  A  complete  set  has  been  supplied  to 
the  Electric  Light  Installation  of  Aberdeen  Royal  Infirmary,  which  has 
been  designed  by  the  author. 

Test  at  the  British  Screw  Co.'s  Works,  Leeds,  July  26,  1892,  of 
160  H.  P.  Babcock  Boiler  with  Hodokinson's  Mechanical  Stoker, 


Heating  Surface,     . 

Grate, 

Fuel, 

Duration  of  Test,    . 

Average  Steam  Pressure, 

Feed  Water— Cold, 

Coal  Fired, . 

Coal  Consumed  per  sq.  ft.  grate  per  hour, 

Water  Evaporated  from  60  , 

Do.  from  and  at  212°, 

Do.  per  hour  from  60°, 

Do.  do., 

Do.  per  lb.  of  Coal  from  60°, 


Do. 


do.  from  and  at  212°,  9*26      da 


1,827  square  feet. 

19*  do. 

Local  slack  of  poor  quality. 

24  hours. 

80  lbs 

60"  Fan. 

1,760  lbs. 

36'4     do. 

13,812  do. 

16,297  do. 

5,525    do. 

6,519    do. 

7*8       do. 


Index  to  Paets. 
S  P  represents  Supporting  pillar.  C  represents  Cams. 


H 
US 

R 
Us 
OB 
UP 
KB 


Hopper. 

Hopper  shoot 

Ram. 

Ram  driving  shaft 

l-oking  box. 

Dead  plute. 

Fire-bara 


BS 
BB 
CP 
CD 
HD 
BW 


Bar  shaft 
Back  bearer. 
Clinker  pit 
Gleaning  oat  door. 
Hand-firing  door. 
Brick  work. 


ogle 
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&UOKXLBSS  COKING  StOKKB  BT  HODGXINSON  &  Co.,  SaLFOBD,  AM 
APPLIED  TO  A  BaBGOCK  &  WlLCOX  BoiLXB. 


For  Index  see  p.  418. 
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The  "Belliss"  Double-acting  High  Speed  Compound  Engine.— 

This  engine  is  of  the  ordinary  double-acting  type,  with  a  casing  surround- 
ing the  working  parts,  to  prevent  dirt  getting  at  them,  and  to  permit  of 
a  liberal  lubrication  without  waste  of  oil.    This  casing  is  fitted  with  hinged 


Belliss  &  Co.'s  Double- Acting  High  Speed  Compound  Engine. 


doors,  to  allow  of  free  access  for  adjustment,  &c.  ;  and  when  driving  the 
electric  light,  lamps  are  generally  fitted  inside  the  case,  with  glass  bullseyes 
thereon,  to  enable  the  machinery  to  be  seen  at  work.  The  double-action 
of  the  engine  permits  the  film  of  oil,  underpressure,  to  get  thoroughly 
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between  the  working  journals  and  brasses,  keeping  them  apart  and  thereby 
minimising  wear  or  the  chance  of  knocking.  The  engine  is  supplied  with 
a  crank-shaft  governor. 

Steam  Distribution. — The  distribution  of  steam  is  effected  by  a  single 
eccentric  keyed  to  the  crank  shaft  between  the  central  bearings. 

Oiling  Arrangements. — Oil  is  supplied  under  a  pressure  of  about  10  lbs. 
to  all  bearings  by  an  oil  pump,  A  (of  simple  construction,  without  valves 
or  packing),  worked  off  the  valve  eccentric.  This  pump  works  immersed 
in  oil  drawn  through  a  removable  strainer  box,  to  which  ready  access  is 
obtained  by  means  of  a  small  door  in  the  casing.  The  pump  delivers  oil  by 
means  of  the  pipe,  C  C,  into  the  annular  grooves,  1 1  (turned  in  the  main 
bearing  brasses),  which  serve  the  double  purpose  of  lubricating  the  main 
bearings  and  also  of  transmitting  a  supply  of  oil  to  the  passage,  HH, 
drilled  in  the  interior  of  the  shaft  and  crank-pins.  The  pipes,  J  and  K, 
draw  their  supply  of  oil  from  annular  grooves  in  the  crank-pin  and  eccentric 
brasses  respectively,  and  transmit  the  oil  under  pressure  to  the  interior  of 
the  crosshead  pin  and  valve-rod  pins,  L  L,  and  thence  by  the  same  system 
of  radiating  oil  ways  and  annular  grooves  to  the  surfaces  of  their  respective 
guides. 

It  will  thus  be  seen  that  the  whole  arrangement  forms  a  continuous 
system  of  lubricating  channels  for  conveying  oil  under  pressure  to  the 
surfaces  of  all  the  working  parts  except  the  pistons,  valve,  and  elands. 

A  centrifugal  device,  N,  prevents  the  escape  of  oil  at  the  shaft  ends,  and 
all  the  oil  from  the  various  journals  returns  to  the  well  in  the  crank 
chamber,  to  be  strained  and  pumped  back  again  on  its  soothing  mission. 

The  Willans  Central-valve  Engine.— As  will  be  seen  from  the 

accompanying  figure  the  engine  is  single-acting,  having  all  its  brasses  and 
moving  parts  constantly  in  compression,  to  enable  it  to  run  at  a  high  speed 
without  knocking.  The  slide  valves  are  of  the  piston  type,  and  work 
inside  the  piston-rods.  This  method  affords  a  very  direct  distribution  of 
the  live  steam  and  a  free  drainage  for  the  condensed  steam.  The  high 
piston  speed  employed  in  this  engine  is  in  itself  conducive  to  economy,  and 
the  Willans  engine  (as  proved  by  many  tests  of  undoubted  authority)  is  one 
of  the  most  economical  steam  motors.  With  a  small  condensing  engine 
indicating  only  20  horse-power  and  running  at  400  revolutions  per  minute, 
a  consumption  of  13  lbs.  of  steam  per  I.H.P.  hour  has  been  recorded,  and 
a  little  over  18  lbs.  when  worked  as  a  non -condensing  engine. 

Cranks,  Connecting-rods,  and  Eccentrics. — Each  line  of  pistons  is  con- 
nected to  its  corresponding  crank  by  two  exactly  similar  connecting-rods, 
with  a  space  between,  in  which  works  an  eccentric,  forged  solid  upon  the 
crank-pin.  The  connecting-rods  at  their  top  end  engage  two  hardened  steel 
pins,  so  supported  that  the  pressure  of  the  rods  exerts  no  twisting  stress  upon 
them,  and  the  eccentric-rod  plays  up  and  down  freely  in  the  space  between 
them.  The  piBton  slide  valves  move  inside  the  hollow  piston-rod,  R, 
which  passes  completely  through  the  line  of  pistons,  and  through  the  enda 
of  the  cylinders.  The  reason  for  placing  the  eccentric  on  the  crank-pin, 
and  not  on  the  crank-shaft  as  usual  is,  that  the  valve  face  {i.e.,  the  inside 
surface  of  the  hollow  piston-rod)  moves  toith  the  pistons.  Consequently,  the 
valve-motion  required  is  a  motion  relative  to  the  pistons,  and  this  is  obtained 
by  mounting  the  eccentric  on  the  crank-pin,  which,  like  the  piston-rod, 
moves  up  and  down  with  the  pistons.  Though  its  lead  is  set  out  differently 
from  that  of  an  ordinary  eccentric,  its  effect  upon  the  movement  of  the 
valves  is  exactly  the  same. 

Cylinders. — The  annexed  sectional  view  shows  a  standard  pattern  engine 
of  G.6.  size,  which  has  low-pressure  cylinders  of  14'  diameter  and  6*  stroke. 
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The  right-hand  line  of  pistons,  with  the  hollow  piston-rod,  is  shown  in 
elevation,  while  the  left  hand  line  is  in  section,  with  the  piston- valves  in 
elevation.  In  the  right-hand  line  of  pistons  (which  is  upon  the  up-stroke) 
the  course  of  the  exhaust  steam  is  indicated  by  arrows,  but  the  piston- 
valves  are  necessarily  invisible. 

It  will  be  noticed  that  a  compound,  or  even  a  triple-expansion,  Willans 
engine,  may  be  run  as  a  simple  engine  without  removing  the  upper  cylinders, 
by  merely  removing  the  upper  pistons,  and  the  piston- valves  corresponding 
with  them.  In  fact,  either  the  steam-pistons  or  the  valves  might  be  left, 
were  it  not  for  the  useless  friction  of  the  rings.  The  upper  cylinders,  in 
such  a  case,  become  a  mere  extension  of  the  steam  chest.  It  is  sometimes 
a  practical  convenience  to  be  able  thus  easily  to  alter  a  compound  to  a 
simple  engine,  or  a  triple-expansion  to  a  compound. 

Steam  Distribution. — Referring  to  the  left-hand  line  of  pistons  (which  has 
completed  j  of  the  down-stroke),  it  will  be  seen  that  the  steam  from  the 
boiler  (after  it  passes  the  throttle-valve  and  the  steam-chest)  enters  the 
hollow  piston-rod  by  the  uppermost  openings,  1,  1.  From  thence  it  goes 
into  the  H.H.P.  cylinder  by  the  second  set  of  piston-rod  openings,  2,  2. 
Cut-off  takes  place  at  about  *6  of  the  piston's  stroke  by  the  passage  of  the 
ports,  1,  1,  into  the  first  gland,  G.  Exhaust  takes  place  by  the  second 
piston-valve,  Vs,  rising  above  the  ports,  2,  2,  and  thus  permitting  the 
steam  to  pass  out  of  the  uppermost  cylinder  through  these  ports,  2,  2,  into 
the  hollow  piston-rod  and  from  there  through  the  openings,  3,  3,  into  the 
receiver  for  the  next  cylinder.  From  this  receiver,  the  steam  again  enters 
the  hollow  piston-rod  by  the  ports,  4,  4,  and  out  to  and  above  the  H.  P.  or 
second  piston  by  the  openings,  5,  5.  Cut-off  and  exhaust  take  place  for 
this  in  the  same  way  as  for  the  first  cylinder — viz.,  cut-off  by  the  passage 
of  ports,  4,  4,  into  the  second  gland,  G,  and  exhaust  by  the  piston-valve, 
V,  rising  above  the  ports,  5,  5,  thus  permitting  the  outgoing  steam  to  pass 
through  them  and  then  through  the  openings,  6,  6,  into  the  receiver  for  the 
third  or  low-pressure  cylinder.  Here  again  admission,  cut-off,  and  exhaust 
take  place,  as  in  the  case  of  the  previous  two  cylinders,  viz.,  admission 
from  the  second  receiver  by  ports,  7,  7,  and  8,  8 ;  cut-off  by  ports,  7,  7, 
becoming  covered  in  their  downward  passage  by  the  third  gland,  G,  and 
exhaust  by  piston-valve,  V8,  rising  above  ports,  8,  8,  and  letting  the  steam 
through  them  into  the  hollow  piston-rod  and  out  through  holes,  9,  9, 
into  tne  exhaust  chamber  during  the  whole  of  the  up-stroke.  The 
exhaust  pipe  from  this  chamber  may  either  communicate  directly  with 
the  atmosphere  or  with  a  condenser.  Piston-valves,  V9  and  V10,  con- 
stitute a  guide  for  the  bottom  of  the  valve-rod,  V10,  has  no  packing,  and 
there  are  holes  in  it  in  order  to  afford  a  free  passage  of  water  or  oil 
through  the  same. 

It  will  be  noticed  that  in  the  simple  non-condensing  engine,  the  steam 
remains  in  the  engine,  from  the  commencement  of  admission  to  the  end  of 
exhaust,  for  one  revolution,  as  in  ordinary  engines.  But  in  the  compound 
non-condensing  engine,  the  steam  remains  for  two,  and  in  the  triple- 
expansion  engine  for  three,  whole  revolutions.  In  other  words,  the  steam 
is  practically  quiescent  in  a  receiver  of  some  kind  for  half  a  revolution 
between  each  two  stages  of  expansion,  and  this  (which  is  only  possible 
in  a  single-acting  engine)  enables  the  range  of  temperature  in  the  several 
stages  to  be  divided  advantageously. 

Drainage. — The  water  above  each  piston  is  swept  downwards  by  the 
exhausting  steam  into  the  space  below  during  the  whole  of  the  exhaust 
stroke ;  it  has  not  to  be  earned  by  the  piston  to  the  top  of  the  cylinder, 
and  then  driven  out  suddenly  through  the  port  in  a  more  or  less  upward 
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direction,  as  is  the  case  in  other  forms  of  vertical  engine.  The  Willans 
engine  has,  therefore,  unique  advantages  in  getting  rid  of  water  from  the 
cylinders,  apart  from  the  action  of  the  relief-valves. 

Air  Cushioning  in  Guide  Cylinders. — Reference  has  been  made  to  the 
fact  that  all  the  moving  parts  are  constantly  in  compression— a  condition 
rendered  possible  only  by  the  fact  that  the  pistons  are  single-acting,  giving 
no  pull  to  the  crank  upon  the  up-stroke,  but  only  a  push  upon  the  down- 
stroke.  In  any  engine  running  at  high  speed  the  moving  parts  can  only  be 
kept  in  compression  upon  the  upstroke  by  very  great  cushioning.  This  is- 
rarely  obtained  in  other  high-speed  engines  without  excessive  compression 
in  the  cylinders,  which  naturally  involves  a  certain  waste  of  steam. 
Sometimes,  when  a  high-speed  engine  exhausts  into  a  vacuum,  sufficient 
cushion  cannot  be  obtained  at  all  by  the  usual  means.  In  the  Willans 
engine  very  little  compression  is  given  in  the  steam  cylinders,  for  little 
or  none  is  required.  The  requisite  cushioning  is  obtained  independently 
by  the  guide  pistons.  These  pistons,  on  the  up-stroke,  compress  the 
the  air  contained  in  the  guide  cylinders,  and  thus  any  desired  amount  of 
cushion  can  be  obtained,  according  to  the  clearance  allowed.*  The  work 
expended  in  compressing  the  air  is  given  out  again  by  its  expansion  on  the- 
succeeding  down-stroke,  and  the  loss,  when  the  engine  is  running  at  a  good 
speed,  is  proved  by  indicator  diagrams  to  be  too  minute  to  be  worth  con- 
sideration. There  are  holes,  11,  II,  in  the  guide  cylinders,  which  are- 
uncovered  by  the  guides  at  the  bottom  of  the  stroke.  As  the  casing  or 
chamber  which  surrounds  the  guide  cylinders  (and  which  forms  part  of  the 
framing  of  the  engine)  is  open  to  the  atmosphere,  it  is  evident  that  the  air 
compression  always  commences  at  atmospheric  pressure,  and  is  constant 
and  invariable  in  its  results,  whatever  alteration  may  be  made  in  the 
pressure  of  the  exhaust  steam. 

The  Brasses  and  all  parts  in  Compression. — The  upper  crank -pin  brasses 
of  the  connecting-rods  are  wider  than  the  lower  ones.  This  is  because  the 
upper  brasses  alone  are  intended  to  be  in  actual  contact  with  the  crank- 
pins  ;  the  lower  ones  are  only  a  stand-by  in  case  of  accident.  All  the 
moving  parts  of  the  engine  are  designed  to  be  strictly  in  "  constant  thrust ;" 
the  connecting-rods  are  always  in  compression,  never  in  tension.  A  small 
hole  is  drilled  in  each  guide  piston,  £  inch  in  diameter,  so  as  to  be  just 
visible  below  the  bottom  edge  of  the  guide  cylinder  when  the  crank- 
chamber  door  is  removed,  and  when  the  piston  is  at  the  bottom  of  its 
stroke.  When  the  entire  diameter  of  this  small  hole  is  in  view  below  the 
guide  cylinder,  it  is  time  both  to  set  up  the  brasses  (so  as  to  reduce  the 
play)  and  to  pack  up  the  connecting-rods  by  inserting  packing  pieces 
between  the  big  ends  of  the  connecting-rods  ana  the  brasses.  The  connect- 
ing-rods, however,  must  not  be  packed  up  sufficiently  to  take  the  hole  quite 
out  of  sight,  for  its  lower  side  must  still  be  in  sight  (at  bottom  stroke) 
under  the  edge  of  the  guide  cylinder.  If  the  hole  goes  out  of  sight  entirely, 
there  will  not  be  enough  clearance  for  safety  between  the  low-pressure 
piston  and  the  top  of  its  cylinder. 

The  eccentric-rod  is  also  intended  to  work  in  compression,  in  the  same 
way  as  the  connecting-rods.  The  holding-down  pressure  is  furnished  by 
the  steam  in  the  steam  chest,  acting  constantly  upon  the  uppermost  piston- 
valve,  V1.     It  may  sometimes  happen,  if  the  engine  is  run  with  a  very  light 

*  The  amount  of  cushion  is  fixed  in  each  case  to  suit  the  intended  speed,  and  may  be 
insufficient  to  prevent  knocking  if  that  speed  is  largely  exceeded.  If  for  any  reason  it  is 
desired  to  run  an  engine  materially  faster  than  was  originally  intended,  and  the  engine 
is  found  to  knock  at  the  increased  speed,  the  speed  must  be  reduced  until  the  knocking: 
disappears. 
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load,  bat  at  a  high  speed,  that  the  pressure  in  the  steam  chest  (being  much 
throttled  down  by  the  governor)  is  insufficient  to  keep  the  eccentric-rod  in 
contact  with  the  eccentric  upon  the  up-stroke.  If  this  be  the  case  then 
a  slight  knocking  may  be  heard,  as  the  lower  eccentric-strap  is  purposely 
left  an  easy  fit  upon  the  eccentric.  Such  knocking  is  unimportant,  if  not 
allowed  to  continue  too  long,  and  it  will  cease  as  soon  as  the  engine  is  given 
work  to  do.* 

A  further  reason  for  the  moderate  wear  of  the  brasses  (and  eccentric 
straps)  is  that  they  dip  bodily  into  the  lubricant  in  the  crank  chamber  at 
every  revolution.  In  doing  so  they  splash  it  over  the  main  bearings,  and 
to  the  upper  ends  of  the  connecting-rods  and  eccentric-rods,  and  into  the 
guide  cylinders,  as  well  as  into  that  part  of  the  hollow  piston-rod  where 
the  guide,  V10,  works.  The  lubrication  of  the  working  parts  (other  than 
steam  pistons  and  valves)  is  thus  completely  automatic.  It  is  sufficient  to 
mention  here  that  (according  to  the  usual  method  of  working)  the  crank 
chamber  contains  not  oil  only,  but  oil  and  water  mixed.  As  the  tempera- 
ture of  the  mixture  cannot  possibly  rise  above  that  of  boiling  water,  there 
is  a  practical  guarantee  against  hot  bearings,  so  long  as  the  supply  of  water 
is  maintained  and  suitable  oil  is  used. 

Internal  Relief-  Valves. — In  the  low-pressure  cylinders  of  all  engine8,  and 
in  the  high-pressure  cylinders,  if  large  enough  to  be  so  treated,  internal 
relief-valves  are  fitted,  consisting  of  a  gun-metal  plug  screwed  into  the  top 
of  the  low-pressure  cylinder.  The  plug  is  pierced  by  holes,  covered  by  a 
single  thin  gun-metal  disc.  When  tne  disc  is  raised,  there  is  free  commu- 
nication between  the  cylinder  and  the  receiver  (or  steam  chest)  above  it. 
It  is  kept  down  under  ordinary  circumstances  by  the  excess  of  the  receiver- 
pressure  over  that  in  the  cylinder ;  therefore  no  spring  is  required,  and  there 
is  no  part  liable  to  get  out  of  order.  If  from  water  in  the  cylinder,  or  any 
other  cause,  the  pressure  rises  above  that  in  the  receiver,  the  valve  lifts, 
and  though  the  water  is  only  passed  back  into  the  receiver,  the  relief  is 
found  to  be  sufficient,  and,  in  fact,  far  more  effective  than  that  given  by 
ordinary  external  relief-valves.  Engines  so  fitted  have  been  tested  by 
discharging  a  cubic  foot  of  water  suddenly  into  the  steam-pipe ;  also  by  con- 
necting the  steam-pipe  with  the  water-space  of  the  boiler  (by  a  i-inch  pipe, 
with  a  difference  of  80  lbs.  between  the  pressure  in  the  boiler  and  that  in 
the  steam-pipe)  without  any  injury  to  the  engine  in  either  case.  In  cases 
where  internal  relief-valves  cannot  be  used,  ordinary  external  valves  are 
fitted.     When  an  engine  is  run  without  load  the  compression  in  the  low- 

Sressure  cylinder  may  rise  beyond  the  pressure  in  the  receiver ;  the  disc  of 
le  valve  may  then  be  heard  to  lift  at  each  revolution,  but  the  noise  will 
go  off  as  soon  as  the  receiver-pressure  is  increased  by  giving  the  engine 
work  to  do. 

Air-Cock*.  —  Air  buffer  relief-cocks,  N,  are  fitted  upon  the  guide  cylinders, 
in  order  to  avoid  compressing  the  air  in  them  when  the  engine  is  being 
turned  by  hand,  and  to  facilitate  starting.  If  the  cocks  are  opened  at 
starting,  they  must  be  closed  as  soon  as  the  engine  gets  fairly  under-way. 
They  must  never  be  open  when  the  engine  is  running  at  full  speed,  or  the 
necessary  cushion  will  be  wanting. 

Drain-Cocks. — The  drain-cocks  on  the  receivers  should  be  fully  opened 
before  starting,  and  should  be  kept  open  for  a  short  time  after  starting. 
They  must,  however,  be  closed  and  be  kept  closed  while  running,  except 
occasionally  to  draw  off  any  water  which  may  have  collected — when  they 

*  The  principle  of  working  with  all  brasses  "  In  constant  thrust "  is  of  the  utmost 
importance  and  value,  and  is  the  primary  cause,  not  only  of  the  silent  running  of  the 
Wfllans  engine,  but  of  the  almost  complete  absence  of  wear  in  the  brasses. 
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should  be  opened  only  to  an  extent  just  sufficient  to  allow  the  water  to 
escape.  The  receiver-drains  are  connected,  by  copper  pipes,  with  the 
exhaust  chamber. 

Lubrication. — Usually  only  one  lubricator  is  required,  of  the  "sight- 
feed  "  pattern.  After  the  engines  have  worked  for  some  time,  a  very  small 
supply  of  good  mineral  oil  will  suffice  for  the  cylinders.  At  M,  on  the 
sectional  view,  is  shown  a  funnel  for  introducing  oil  into  the  crank  chamber 
—  preferably  the  best  castor  oil,  but  not  mineral  oil.  The  funnel  (the  usual 
place  for  which  is  on  the  front  of  the  engine,  and  not  where  shown)  also 
establishes  communication  between  the  air-cushion  cylinders  and  the  atmo- 
sphere, when  the  guide  pistons  are  at  the  lower  end  of  their  stroke. 
When  water  is  required  to  be  added,  it  should  be  poured  in  through  the 
open  top  of  the  lubricant  gauge,  and  not  through  this  oil-funnel.  A  gauge 
enables  the  quantity  of  lubricant  in  the  crank  chamber  to  be  easily  ascer- 
tained at  any  time  by  the  attendant.  The  normal  height  at  which  the 
lubricant  should  be  maintained  is  from  three-quarters  of  an  inch  to  an  inch 
below  the  underside  of  the  crank-shaft. 

Separator.— Every  engine  is  now  fitted  with  a  steam  dryer,  or  separator, 
mounted  on  one  corner  of  the  bed-plate.  The  steam  enters  at  the  top  and 
descends  through  a  hanging  pipe  into  the  body  of  the  separator.  After 
leaving  the  pipe  it  turns  upwards  to  the  exit,  which  is  near  the  top.  while 
the  particles  of  water,  which  are  heavier,  are  shot  downwards  by  the 
velocity  with  which  they  leave  the  hanging  pipe.  A  gauge-glass  is  fitted, 
and  a  drain,  the  cock  on  which  should  be  so  adjusted  as  to  keep  a  little 
water  in  the  glass,  just  in  sight. 

Governor. — 1.  In  the  accompanying  figures  the  governor  balls  are  shown 
in  the  position  they  assume  when  controlling  the  engine.  The  throttle- 
valve  is  of  the  piston  type  without  lines,  and  it  works  up  and  down  in  a  bush 
with  a  closed  top.  The  bosh  is  held  down  by  a  coiled  spring  above,  and  by 
the  steam  pressure,  and  its  lower  end,  which  is  faced,  makes  a  steam-tight 
joint  against  a  face  on  the  casing,  as  shown.  The  boiler  steam  is  admitted 
from  the  outside  of  the  bush,  in  which  there  are  two  rings  of  ports,  the 
amount  of  opening  of  the  lower  ring  being  regulated  by  the  position  of  the 
lower  edge  of  the  throttle- valve.  Corresponding  with  the  upper  ring  of 
ports  is  an  annular  port  in  the  throttle-valve ;  the  distance  of  this  from  the 
lower  edge  of  the  throttle-valve  being  such  that. the  upper  ports  commence 
to  open  slightly  earlier  than  the  lower  ones.  In  cases  where,  owing  to 
low-pressure,  or  other  causes,  only  a  very  small  drop  in  pressure  can  be 
allowed  between  the  steam-pipe  and  the  steam-chest,  a  third  ring  of  ports 
is  sometimes  added,  with  a  second  annular  port  in  the  throttle-valve. 
The  lubrication  of  the  valve  is  effected  by  passages  in  the  body  of  the 
bush,  supplied  from  a  grease  cup  on  the  cover.  The  sight-feed  lubricator 
is  attached  to  the  boss  dotted  on  the  engraving;  it  delivers  oil  on  the 
engine  side  of  the  throttle- valve.  The  spring,  F  (the  lower  part  of  which  is 
hooked  to  a  fixed  point  on  the  bracket  which  supports  the  bell-crank,  E), 
maintains  a  constant  down  pull  on  the  rod,  G,  and  so  tends  to  close  the  valve. 
It  also  tends  to  force  the  balls  further  apart,  by  depressing  the  end,  R,  of 
the  bell-crank,  E,  and  so  pushing  outwards  the  loose  collar,  G  (shown 
partially  dotted),  and  the  short  ends,  N,  N,  of  the  arms  which  carry  the 
balls.  But  the  pre-arranged  relation  between  the  centrifugal  force  of  the 
balls  at  different  speeds,  and  the  pull  of  the  springs,  A,  at  different  lengths 
is  such,  that  so  long  as  the  engine  is  running  even  slightly  below  its  speetl, 
the  pull  of  the  springs,  A,  overcomes  both  the  centrifugal  force  of  the 
balls  and  the  pull  of  the  spring,  F,  and  the  balls  remain  near  together, 
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Centrifugal  Governor  for  Willans* 
Engine. 


and  the  valve  in  its 
widest  open  position. 
At  the  intended  speed 
(or  slightly  below  it) 
the  centrifugal  force  of 
the  balls,  helped  by  the 
spring,  F,  causes  them 
tooverpower  thesprings, 
A  ;  and  as  the  arms,  N, 
N,  move  outwards,  and 
permit  the  collar,  C, 
and  the  bell-crank,  E, 
to  follow  them.  The 
spring,  F,  is,  therefore, 
able  to  draw  the  rod, 
G,  downwards,  and  to 
close  the  valve  more  or 
less  completely,  until 
the  engine  runs  at  its 
normal  speed.  If  the 
speed,  for  any  reason, 
such  as  reduction  of 
load  or  increase  of  boiler 
pressure,  begins  to  ex- 
ceed that  intended,  the 
balls  tiy  open  and  the 
throttle  -  valve  closes 
until  the  speed  falls 
again.  If,  on  the  other 
hand,  the  speed  dimin- 
ishes, the  balls  are 
drawn  together  by  the 
springs,  A ,  and  approach 
one  another,  the  spring, 
F,  is  over-powerea ;  and 
the  valve  opens.  In 
order  to  permit  a  cer- 
tain amount  of  end  play 
in  the  crank-shaft,  with- 
out causing  movement 
in  the  throttle- valve,  the 
governor  spindle  fits 
loosely  in  a  correspond- 
ing hole  in  the  shaft, 
and  is  free  to  move  a 
short  distance  endways. 
The  outer  end  of  the 
spindle  is  supported  in 
a  bearing  formed  in  the 
governor  guard,  and 
carries  a  phosphor 
bronze  ring,  which 
works  against  the  face 
of  the  bearing.  The 
spindle     is     kept     up 
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against  this  face  by  the  tension  of  the  spring,  F,  acting  through  the  bell- 
cranks,  E,  unaffected  by  end-play  in  the  crank-shaft  which  drives  it.  The 
levers,  H,  H,  are  rigidly  attached  to  the  arms  which  carry  the  balls,  and 
their  free  extremities  are  geared  together,  as  shown.  By  this  means  the 
governor  is  balanced  against  gravity  in  all  positions. 

It  will  be  noticed  that  there  are  f  our  elements  which  determine  the  action 
of  the  governor  in  controlling  the  engine,  viz. : — 

(1)  The  weight  of  the  balls  which  measures  their  tendency  to  fly  apart 
at  any  given  speed.  If  the  balls  are  made  heavier,  they  will  overpower  the 
springs,  A,  at  a  lower  speed ;  if  lighter,  the  engine  must  run  faster  before 
they  will  come  into  action. 

(2)  The  pull  of  the  spring,  A,  against  the  balls,  and  the  ratio  in  which  it 
varies  as  the  distance  between  them  alters. 

(3)  The  pull  of  the  spring,  F,  assisting  the  balls. 

(4)  The  position  of  the  valve  relatively  to  the  balls,  as  determined  by  the 
adjustment  of  the  length  of  the  spindle,  Q. 

2.  The  spring,  F,  as  has  been  explained,  assists  the  balls  to  open,  though 
its  action  is  small  in  comparison  with  the  centrifugal  effect  of  the  balls. 
If  more  tension  is  put  upon  it,  by  means  of  the  thumb-nut,  M,  the  balls 
will  open  at  a  lower  speed ;  if  the  tension  is  reduced,  they  will  not  open 
until  a  higher  speed  is  reached.  A  moderate  adjustment,  therefore,  can  be 
given  by  the  nut,  M.  In  cases  where  a  considerable  range  of  speed  is 
required  a  different  method  is  adopted. 

The  "Wayne"  Steam  Engine  Indicator.*— The  advantages  claimed 

for  this  indicator  (which  has  been  specially  designed  for  taking  diagrams 
from  quick  running  engines)  are — (1)  The  small  movement  of  parts  con- 
nected to  tracing  point.  (2)  The  piston  and  tracer  are  fixed  together  as 
one  solid  piece.  (3)  No  loose  joints  or  parallel  motion.  (4)  The  bearings 
arc  free  from  friction.  (5)  The  tracing  pointer  is  easily  adjusted.  (6)  The 
spring  being  outside  the  cylinder,  it  is  not  subject  to  steam  temperature. 
(7)  The  spring  is  easily  changed  without  moving  any  other  part  of  the 
instrument.  (8)  The  diagram  paper  is  very  easily  placed  in  position  and 
removed  more  quickly  than  with  any  other  indicator.  (9)  The  control 
spring  of  the  paper  slide  is  adjustable  from  the  outside.  (10)  The  moving 
parts  are  very  light.  (11)  With  the  lining  attachment,  friction  and  inertia 
are  reduced  to  a  minimum  (see  the  first  figure). 

The  Piston. — The  piston  consists  of  two  tongues,  or  leaves,  standing  out 
from  opposite  sides  of  the  piston-rod.  The  piston-rod  passes  through  both 
ends  of  the  cylinder.  The  leaves  forming  the  piston  reciprocate  in  a  rotary 
manner  between  abutments  projecting  from  opposite  sides  of  the  inner 
periphery  of  the  cylinder.  These  abutments  fit  the  piston-rod  between  the 
leaves  of  the  piston.  The  stopcock  is  connected  to  the  indicator  by  ball 
fittings,  to  allow  the  indicator  to  be  set  at  an  angle.  The  steam,  after  pass- 
ing this  cock,  is  divided,  so  that  each  half  thereof  enters  the  cylinder  near 
the  abutments  on  opposite  sides  or  diameters,  thus  acting  upon  both  leaves 
of  the  piston  with  equal  pressure.  The  piston  and  piston-rod  (which  carries 
the  tracing  point  fixed  to  one  end)  are  turned  in  a  rotary  direction.  The 
piston  is  accurately  turned,  so  that  it  is  just  free  of  the  cylinder.  It  will, 
therefore,  be  seen  that  there  is  no  side  pressure,  and  that  the  piston  cannot 
l>e  driven  against  the  walls  of  the  cylinder  by  the  escaping  steam. 

The  Spring. — The  spring  is  double  coiled  from  one  piece  of  wire.  The 
cross  piece  of  wire  joining  the  two  coils  is  held  in  a  V  slot  in  the  end  of  the 
piston-rod  by  a  spiral  grooved  cap.    The  other  ends  of  the  spring  are  fixed 

*  We  are  indebted  to  Elliott  Brothers,  St.  Martin's  Lane,  London,  W.C.,  the  makers  of 
this  Indicator,  for  the  figures. 
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to  a  small  plate  having  two  perforations,  which  fit  on  two  steel  pins  stand- 
ing out  from  one  end  of  the  cylinder.  Since  the  spring  offers  an  equal 
resistance  on  both  sides,  the  piston-rod  and  the  tracer  reciprocate  in  a 
rotary  direction  without  friction. 

The  Tracer. — The  tracer  can  have  a  brass  point  for  metallic  paper,  lead 
point  for  plain  paper,  or  a  hard  steel  point  for  marking  on  special  black 
faced  paper.  In  the  latter  case  there  is  no  sharpening  of  points,  and  the 
diagram  will  not  fade. 


Wayne  Indicator  as  arranged  for  taking  Line  Diagrams. 

The  Paper  Slide. — The  paper  is  held  in  a  cylindrical,  concave  form,  con- 
centric with  the  piston-rod,  by  light  spring  clips  at  each  end  of  a  sliding 
bar.  From  one  end  of  this  bar  a  cord  is  taken  once  round  a  pulley  to 
which  it  is  fixed.  From  the  other  end  of  the  sliding  bar  a  cord  is  taken 
round  the  other  side  of  the  pulley.  The  cord  then  passes  between  guide 
pulleys,  and  it  is  attached  to  the  engine  in  the  usual  way.  The  spindle  on 
which  the  pulley  revolves  is  a  steel  tube,  through  the  centre  of  which  the 
control  spring  passes.     One  end  of  the  spring  is  fixed  to  the  drum,  the 
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other  end  to  a  milled  head,  having  a  cross  pin  to  engage  in  recesses  round  the 
bottom  edge  of  the  steel  tube,  to  regulate  the  strength  of  spring.  The  drum 
and  sliding  bar  are  of  aluminium,  and  are  consequently  as  light  as  possible. 

For  very  high  speed  of  over  600  revolutions  per  minute  the  spring  can  be 
released  and  placed  in  a  middle  position,  so  that  there  may  be  a  little 
torsion  at  each  end  of  stroke.  A  cord  attached  to  each  end  of  the  sliding 
bar  is  passed  round  opposite  sides  of  the  drum,  and  connected  to  a  disc  or 
drum,  which  drum  is  reciprocated  by  a  connection  to  the  engine.  By  this 
arrangement  very  fine  diagrams  at  high  speeds  can  be  taken. 

Line  Vtayram  Attachment. — An  arrangement  is  provided  for  taking  the 
diagram  in  parts  or  lines,  with  a  mechanically  limited  stroke  for  increase  of 
pressure  at  the  steam  end  of  the  line,  and  a  corresponding  down  stroke  on 
the  expansion  part  of  the  line.  This  limiting  is  arranged  by  a  segment  of 
a  worm  wheel  mounted  concentric  with  the  piston-rod. 

A  steel  tongue,  mounted  on  a  worm  wheel,  passes  through  a  hole  in  the 
piston-rod,  and  is  attached  to  the  worm  wheel  by  a  screw  passing  through 
an  elongated  hole  in  the  steel  tongue,  so  that  for  each  fall  and  rise  of  steam 
pressure,  the  piston  can  only  rotate  through  an  angle  equal  to  the  loss  of 
time  in  the  hole.  The  tracer  moves  about  one-eighth  of  an  inch  for  each 
stroke  of  the  engine.  By  turning  the  worm  from  the  atmospheric  line,  the 
tracer  will  move  over  the  full  range  of  the  diagram. 

The  advantage  of  the  lining  or  checking  arrangement  is,  that  the  indicator 
will  give  a  correct  diagram  at  very  high  speeds ;  and  at  all  speeds  weaker 
springs  may  be  used,  giving  larger  and  more  accurate  diagrams,  as  may  be 
seen  from  the  two  following  facsimile  diagrams : — 


Ordinary  Diagram— 500  Revolution*  pjsr  Minute. 


Line  Diagram— 500  Revolutions  per  Minute. 
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LBOTCTRE  Xa. 

Contents.— Work  Done  during  the  Conversion  of  Water  into  Dry  Steam — 
Definitions  of  Internal  and  External  Work— Efficiency  of  Steam — 
Efficiency  of  High  Pressure  Steam — General  Expressions  for  External 
and  Internal  Work  during  Evaporation— Example  I. — Heat  Rejected 
to  Condenser— Example  II.— Partial  Evaporation — Example  JUL — 
Generation  of  Steam  in  a  Closed  Vessel— Questions, 

Work  Done  during  the  Conversion  of  Water  into  Dry 
Steam. — We  can  now  give  a  more  definite  account  of  the  distri- 
bution of  heat  expended  during  the  conversion  of  water  into 
steam,  and  thus  prepare  the  way  for  a  more  thorough  under- 
standing of  the  economical  use  of  steam  in  a  steam  engine. 
An  ordinary  steam  engine  consists  essentially  of — 
i.  A  boiler  wherein  the  steam  at  a  given  pressure  is  generated 
from  water  at  a  given  temperature. 

2.  A  cylinder  containing  a  movable,  steam-tight  piston,  on 
which  the  steam  acts  and  does  useful  work. 

3.  Frequently,  another  part,  called  the  condenser,  is  added. 
The  function  of  the  condenser  is  exactly  the  opposite  of  that  of 
the  boiler.  For  in  it,  the  steam  is  converted  back  again  into 
water  after  passing  through  the  working  cylinder.  Engines 
having  only  the  first  two  essential  parts  are  called  non-condejising, 
whilst  those  consisting  of  the  three  parts  are  called  condensing 
engines.  These  three  organs  are  usually  quite  distinct  and 
separate  from  each  other,  the  connections  being  made  by  pipes, 
valves,  <fcc.  For  our  present  purposes  it  will  be  best  to  leave  out 
of  account  all  connections  such  as  pipes  and  valves.  We  shall 
therefore  suppose  the  boiler,  working  cylinder  and  condenser  to 
be  one  and  the  same  vessel.  Also,  we  shall  neglect  all  losses  of 
heat,  such  as  that  due  to  radiation,  conduction,  <fcc.  Further,  we 
shall,  in  the  meantime,  consider  the  case  of  1  lb.  of  water  at  an 
initial  temperature  of  320  F.,  raised  into  dry  steam  at  2120  F. 
The  pressure  of  the  steam  is,  therefore,  that  due  to  atmospheric 
pressure — viz.,  about  14*  7  lbs.  per  square  inch. 

Take  a  tall  cylindrical  vessel  fitted  with  a  weightless  and 
perfectly  f rictionless  piston,  and  place  between  the  piston  and  the 
bottom  of  the  vessel  1  lb.  of  water  at  32  °  F.     The  cylinder  being 
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open  at  the  top  the  pressure  on  the  piston  will  be  constantly  that 
due  to  the  atmosphere.      For   convenience,   suppose  the  cross 


Illustrating  Bxtebnal  Work  done  during  Evaporation  op 
i  lb.  op  Water  from  and  at  2120  F. 

sectional  area  of  the  area  of  the  cylinder  to  be  one  square  foot  (or 
144  square  inches).     Then, 

Total  pressure  on  piston  =  P  =  144  x  147  =  211 6*8  lbs. 
Since  62*5  lbs.  of  fresh  water  occupy  a  volume  of  1  cubic  foot, 

lib.         „         „       occupies         :,        7—  =  *oi6  cub.  ft. 

The  cross  area  of  the  cylinder  being  1  square  foot,  it  follows 
that  the  under  surface  of  the  piston  will  be  *oi6  foot  above  the 
base  of  the  vessel. 

By  applying  heat  to  the  bottom  of  the  vessel  the  temperature 
of  the  water  will  be  ultimately  raised  to  2120  F.  The  heat 
expended  in  this  operation  is  (212 -32)  =180  B.  T.  U.  Now, 
the  volume  of  the  1  lb.  of  water  at  the  end  of  this  operation  is 
slightly  greater  than  '016  cubic  foot,  as  shown  by  the  graphic 
figure  on  page  67.  The  piston  has,  therefore,  been  raised  by  a 
small  amount,  and  consequently  work  has  been  done  in  over- 
coming the  atmospheric  resistance.  We  thus  see  that  rather  less 
than  180  B.  T.  U.  are  employed  in  increasing  the  molecular 
kinetic  energy  of  the  water.  This  increase  in  the  volume  of  the 
water  between  32 °  F.  and  2120  F.  is  so  small  (being  only 
•016  x  '043  = '000688  cubic  foot  (see  Fig.  page  67)*  that  it  may 

*  The  volume  at  320  F.  of  a  certain  quantity  of  water  is  (as  shown  by 
the  figure  and  text  at  page  67)  =  1*000127,  and  at  2120  F.  =  1043.  The 
difference  is  practically  =  -043.  Consequently  if  a  certain  weight  of  water 
occupies  about  unit  volume  at  32°  F.  and  increases  by  '043  unit  when  its 
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safely  be  neglected.    The  piston   therefore  remains  stationary 
between  those  two  temperatures. 

Continuing  the  application  of  heat  to  the  water  at  212  °  F.,  the 
same  becomes  evaporated  and  the  piston  rises  rapidly,  whilst  the 
temperature  remains  constant.  Suppose  the  source  of  heat  to  be 
withdrawn  just  when  the  last  particle  of  the  1  lb.  of  water  has 
been  converted  into  dry  steam.  Then  we  know  that  966-6 
B.  T.  U.  have  been  spent  in  bringing  about  this  change.  The 
piston  will  now  be  at  a  considerable  height  above  the  base  of  the 
vessel,  and,  consequently,  a  certain  fraction  of  the  latent  heat  will 
have  been  employed  in  doing  work  against  atmospheric  pressure. 
Kef  erring  to  column  5  of  the  "  Table  of  the  Properties  of  Saturated 
Steam"  on  page  107,  we  notice  that  1  lb.  of  dry  steam  at 
atmospheric  pressure  (temperature  2120  F.)  occupies  a  volume  of 
26*36  cubic  feet.  Hence  the  piston  will  now  stand  at  a  height  of 
26-36  feet  above  the  base  of  the  vessel.  The  vertical  displace- 
ment of  the  piston  is,  therefore,  2636 -'016  =  26  35  feet  ap- 
proximately. 

/•         Work  done  in  raising  piston  =     2,1 1 6*8  x  26*35  **•  ^3S- 

»  »  »       -  55-777*68  „ 

Or,  expressed  in  heat  units     „       -  £5-777 —  =  ^T2^  B  Tjj 

Thus,  of  the  9666  B.  T.  U.  of  latent  heat,  7225  B.  T.  U.  are 
employed  in  doing  mechanical  work  external  to  the  substance 
(water)  which  is  undergoing  a  change  of  state;  while  the  re- 
mainder (89435  B.  T.  U.)  is  spent  in  bringing  about  internal 
changes. 

DEFINITION. — TJie  energy  spent  in  bringing  about  internal 
or  molecular  changes  in  a  substance  is  called  Internal  Work,  wttd 
tliat  spent  on  bodies  external  to  tJie  substance  is  called  External 
Work. 

The  student  must  carefully  distinguish  between  internal  and 
external  work.  The  former  represents  energy  in  the  substance 
itself,  whether  in  the  form  of  molecular  kinetic  energy  or  that 
due  to  change  of  state ;  the  latter  represents  energy  which  has 
passed  out  of  the  substance  to  external  bodies. 

temperature  is  raised  to  2120  F.,  what  will  be  the  increase  in  volume  of 
•016  cubic  foot  of  water  under  the  same  circumstances  ?    Ans.  Less. 


I     :    -016     : :    -0143    :   x. 
Or,  x  =  -2I6JL2I43  =  -oo^s. 
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The  distribution  of  heat  in  converting  i  lb.  of  water  at  32  °  P. 
into  dry  steam  at  2120  F.,  may  be  briefly  stated  thus — 

1.  Raising  temp,  of  water  front  320  F.  to  2120  F.  -=  i8o'oo  B.T.U. 

2.  Internal  work  during  evaporation         .         .  =  894*35      „ 

3.  External  work  during  evaporation        •         .  «     72*25      „ 


Total  Heat  Expended        .        .  =  1146  6  B.T.U. 

These  numbers  are  in  the  proportion — 180  :  894*35  :  72*25. 
Or,  dividing  by  the  smallest  number,  72*25,  the  proportion  is 
2*5  :  12*38  :  1.  We  shall  make  use  of  the  terms  of  this  propor- 
tion in  setting  out  the  diagrams  of  work  in  the  case  under 
consideration. 

The  student  knows  from  his  study  of  mechanics  that  mechanical 
work  can  be  completely  represented  by  an  area  or  "diagram 
qfioork."  When  the  effort  or  pressure  is  constant  throughout 
the  displacement  (as  in  the  case  of  the  rising  piston  just  referred 
to),  the  diagram  of  work  is  a  rectangle,  whose  height  represents 
the  constant  pressure,  and  base  the  given  displacement.  If  the 
pressure  varies  during  the  displacement  (as  in  the  case  of  steam 
or  gas  expanding  behind  the  working  piston  of  an  engine),  the 
diagram  of  work  will  not  be  a  rectangle,  but  a  figure  bounded  by 
straight  and  curved  lines.  In  this  case,  the  mean  height  of  the 
figure  is  a  measure  of  the  mean  pressure  exerted  during  the  total 
displacement,  and  the  length  of  the  figure  as  before  represents 
the  total  displacement.* 

Now,  heat  and  work  being  mutually  convertible,  it  follows  that 
quantities  of  heat  may  just  as  conveniently  be  represented  by 
areas  as  quantities  of  mechanical  work.  These  quantities,  how- 
ever, differ  in  this  respect.  In  the  former  there  is  nothing 
corresponding  to  the  two  factors,  effort  or  pressure  and  displace- 
ment, as  in  the  case  of  the  latter.  Hence  the  diagram  for  a 
quantity  of  heat  may  be  any  shape  we  please,  so  long  as  it 
contains  as  many  units  of  area  as  there  are  units  of  heat  to  be 
represented.  It  is,  however,  convenient  for  our  present  purposes 
to  represent  quantities  of  heat  by  rectangular  areas,  and  if  we 
first  draw  an  ordinary  diagram  for  the  external  work  done  during 
evaporation,  we  may  then  construct  the  internal  work  diagrams 
on  the  same  base,  the  heights  of  which  need  only  be  drawn  in  the 

*  For  farther  information  and  examples  on  the  subject  of  graphical 
representation  of  work  done  by  constant  and  by  variable  forces,  see 
Lectures  I.  and  II.  of  the  Author's  "Manual  on  Applied  Mechanics." 
See  also  Lectures XII.,  XIII,,  XVI.,  and  XVIL.  of  the  present  work  for 
theoretical  and  actual  indicator  diagrams  of  work. 
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Diagram  for  ixttrnal  work, 
aont  during  waporation.  * 


Diagram  for 
Internal  work 
done  during 
evaporation. 


proportions  stated   above.     This  should  be  clearly  understood 
from  what  follows. 

We  have  seen  that  the  expression  for  the  external  work  is  the 
product  of  the  two  factors — viz.,  pressure  =  2116*8  lbs.,  and 
displacement  -  26*35  feet. 

Or,  External  work  =  2ii6S  x  26*35  =  55,777*68  **•  1**. 

Draw  two  lines  0  P,  0  V  at  right 
angles  to  each  other.  Along  O  P 
set  off  O  A,  to  any  convenient  scale-, 
to  represent  the  pressure  of  21 16  8 
lbs. ;  and  along  O  V  set  off  0  B,  to 
any  convenient  scale,  to  represent 
the  displacement  of  2636  ft.  Com- 
plete the  rectangle  O  A  C  B.  Then 
O  A  C  B  is  the  diagram  representing 
the  external  work  done  during  the 
evaporation  of  1  lb.  of  water  from 
and  at  2120  F.  For  its  area  is 
equal  to  O  A  x  OB,  which  is  thus 
proportional  to  2116*8  x  26*36,  or 
55,777*68,  the  number  expressing 
the  ft. -lbs.  of  external  work  done. 

Now,  we  have  seen  that  the  inter- 
nal work  done  during  evaporation 
is  12*38  times  the  external  work. 
Therefore,  produce  P  O  downwards, 
and  cut  off  a  part  OD=  12*38  xOA, 
and  complete  the  rectangle  O  B  £  D. 
Then  the  area,  OBED,  represents 
to  the  same  scale  as  in  the  previous 
case,  the  internal  work  done  during 
the  evaporation  of  the  water. 

Similarly,  on  O  D  produced,  cut 
off  D  F=  2*5  x  O  A,  and   complete 
the  rectangle  D  E  G  F.    Then  the 
area,  DEGF,  represents  the  work  done  in  raising  the  temper- 
ature of  the  water  from  32 °  F.  to  2120  F. 

Efficiency  of  Steam. — By  returning  the  whole  of  the  steam  to 
its  initial  conditions — viz.,  water  at  32 °  F.,  with  the  piston  *oi6 
feet  above  the  base  of  the  cylinder,  and  repeating  the  above  cycle 
of  operations  (heating,  evaporating,  condensing  and  cooling)  over 
and  over  again,  the  piston  will  have  a  vertical  reciprocating 
motion  corresponding  to  that  of  an  ordinary  steam-engine.  The 
maximum  external  work  done  during  each  cycle  will  be  repre- 
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^expended  in  raising  > 
^temperature  of  water.* 
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Diagram  showing  Internal 
and  External  Work  done 
in  Converting  Water  at 
320  F.  into  Dry  Steam  at 

212°  F. 
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rented  by  the  small  rectangular  area  O  A  C  B,  while  the  total 
heat  expended  will  be  represented  by  the  much  larger  area, 
A  C  G  F.  From  this  we  can  deduce  the  expression  for  the 
efficiency  of  a  non-expansive  engine  using  steam  at  atmospheric 
pressure  from  feed  water  at  32  °  F.*    Thus — 

.               Heat  converted  into  useful  work. 
Efficiency  =  Total  heat  expended. 

»         =7^6  =  -°63'^6"8% 

Hence,  under  circumstances  more  favourable  than  any  occurring 
in  practice,  we  see  what  a  small  percentage  of  the  total  heat 
expended  can  be  usefully  employed  in  the  engine. 

The  efficiency  just  found  is  usually  called  the  Steam  Efficiency, 
to  distinguish  it  from  the  efficiencies  of  the  boiler  and  the 
mechanism  of  the  engine.  The  product  of  the  efficiencies  of  the 
boiler  and  the  engine  constitutes  the  efficiency  of  the  whole 
combination. 

By  using  feed  water  at  a  higher  temperature  than  32  °  F.,  the 
total  heat  expended  per  1  lb.  of  water  evaporated  would  be  lesu 
than  that  found  above,  and,  consequently,  the  steam  efficiency 
would  be  slightly  higher.  Thus,  in  jet-condensing  engines,  the 
feed  water  has  a  temperature  corresponding  to  that  of  the  hot 
well;  which,  in  the  average,  is  about  no°  F.  Hence,  taking 
steam  at  atmospheric  pressure  (as  before)  raised  from  feed  water 
at  1  io°  F.,  we  may  calculate  the  steam  efficiency  as  follows : — 

Total  heat  expended  =  Increase  0/ Sensible  heat  +  Latent  lieat. 

„  „  =  (2 12 -1 10) +  966-6  =  10686  B.T.U. 

External  work  done  =  72*25  B.T.TJ.  (same  as  before). 

•••   Steam  Efficiency  =  /  53.5  -    0676,  or,  6*76  % . 
This  gives  an  increase  of  -46  %  over  the  first  case. 

Efficiency  of  High  Pressure  Steam. — Suppose  we  load  the 
piston  of  the  tall  cylindrical  vessel  to  such  an  extent  that  the  pressure 
produced  on  the  surface  of  the  1  lb.  of  water  is,  say,  100  lbs.  per 
square  inch  absolute.  From  what  has  been  already  said,  we 
know  that  steam  will  not  begin  to  be  formed  (i.e.,  the  water  will 
not  boil)  until  the  temperature  is  considerably  higher  than  2120  F. 
The  exact  temperature  at  which  evaporation  commences  can  be 
found  from  the  Table  on  page  107.  Ref erring  to  this  Table  we 
see  in  columns  1  and  2  that  the  boiling  point  of  water  subjected 

*  For  the  more  advanced  problem  of  finding  the  efficiency  of  an  expan- 
sive engine,  see  the  Author's  Text-book  on  "  Steam  and  Steam  Engines  ; " 
also  Prof.  CotterUl's  book,  "  The  Steam  Engine  as  a  Heat  Engine." 


Digitized  by 


Google 


438  LECTUBE   XO. 

to  a  pressure  of  ioo  lbs.  per  square  inch  is  327-9°  F.,  say,  328°  F. 
To  make  the  problem  before  us  more  practical,  suppose  the 
temperature  of  the  1  lb.  of  water  to  be  1  io°  F. 

Applying  heat  to  the  bottom  of  the  vessel  the  temperature  of 
the  water  rises  to  3  2 8°  F.,  at  which  point  it  remains  fixed  until 
evaporation  is  complete.  During  evaporation  the  piston  ascends 
as  before,  but  not  to  the  same  height.  Referring  again  to  the 
Table  on  page  107,  we  notice,  in  column  5,  that  the  volume  of  1  lb. 
of  dry  steam  at  a  pressure  of  100  lbs.  per  square  inch  is  4*33 
cubic  feet.  Hence,  after  complete  evaporation,  the  piston  will  he 
at  a  height  of  4*33  feet  above  the  base  of  the  vessel.  The  total 
pressure  on  the  piston  is  P=  144  x  100  lbs. 

#\  External  work  done )       ,  v     ,  ,     ,x  -,  « 

during  evaporation  [  =  f1"  *  IOO> x  <«3  -  -oi6)  ft.  lbs. 
„  „  •=  62,121  6  ft.  lbs. 

Or,       „  „  -  -~~  =  8047  B.T.U. 

Increase  of  Sensible  heat    =  328-110=218  B.T.XJ. 
LT^{C:,}  =  966-6-7(3a8-2x2)  =  88s-4B.T.IT. 
.%   Total  Heat  Expended  =218  +  8854  =  1103  4  B.T.U. 

8o*47 
Steam  Efficiency  = -tL-  «  -0725,  or,  7#26  % 

*        1103*4  '     *  ' 

Comparing  these  results  with  the  corresponding  ones  for  steam 
at  atmospheric  pressure,  we  notice  that  the  external  work  in  this 
case  is  only  8*22  B.  T.  U.  more  than  in  the  former  case.  This 
corresponds  to  an  increase  of  about  10  % .  The  increase  in  the 
steam  efficiency,  however,  is  but  7*25  -  676,  or  '49  % . 

The  student  may  therefore  naturally  ask,  wherein  lies  the  advan- 
tage of  using  high  pressure  steam?  In  answer  to  this  question,  we 
should  first  of  all  remind  him  that  the  engine  under  consideration 
is  a  non-expansive  one.  That  is,  the  steam  acts  on  the  piston 
with  its  full  pressure  throughout  the  whole  stroke.  Consequently, 
high  pressure  steam  would  not  be  adopted  except  as  a  means  of 
increasing  the  power  of  such  an  engine  without  increasing  its 
size.  For,  the  use  of  high  pressure  necessitates  the  employment 
of  stronger  boilers  and  cylinders,  as  well  as  greater  accuracy  in 
construction.  It  is  only  where  steam  is  used  expansively  that 
high  pressures  can  be  economically  and  efficiently  adopted.* 

*  The  advantages  of  using  steam  expansively  will  be  quite  apparent  after 
studying  Lectures  XII.  and  XIII. 
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In  drawing  the  above  comparison  between  the  performances  of 
the  two  engines  (the  one  using  low-pressure  and  the  other  high- 
pressure  steam)  we  have  taken  equal  weights  of  steam.  The 
results  of  the  comparison  would,  however,  be  very  different  if  we 
had  taken  equ*l  volumes.  Thus,  it  is  quite  clear  that  steam  at 
ioo  lbs.  pressure,  when  used  non-expansively  in  a  cylinder  of 
given  volume,  would  perform  1T(y)=6,6  times  more  work  than 
steam  at  atmospheric  pressure  under  like  circumstances  in  the 
same  cylinder.  But,  then,  the  weights  of  steam  used  in  the  two 
cases  would  be  very  nearly  in  the  proportion  6*6  :  i,  and  the  fuel 
consumed  would  be  in  the  same  proportion.  Now,  the  object  of 
the  engineer  is  to  obtain  the  greatest  amount  of  work  for  the  least 
possible  consumption  of  fuel,  and,  consequently,  the  comparison 
between  the  performances  of  two  engines  should  be  made  with 
respect  to  the  weights  of  steam  used  for  a  given  amount  of  work 
performed.  Nevertheless,  it  is  sometimes  necessary  to  know  the 
work  done  per  cubic  foot  of  steam  used.  This  may  be  obtained 
by  dividing  the  work  done  per  lb.  of  steam  by  the  volume  of  i  lb. 
of  stsam  at  the  given  pressure.     Thus — 

Work  done  per  cub.  ft.  of)  __  External  work  during  evaporation. 
steam  at  atmos.  pressure. J  ~~         Volume  of  i  lb.  of  steam. 
_55,777"68 
„  „  26-36    =s2Il6ft-lbs- 

General  Expressions  for  External  and  Internal  Work 
during  Evaporation. — We  shall   now  express  the  preceding 
results  in  general  terms — 
Let  tv  =  Temperature  of  steam. 
„    t%  =  Temperature  of  feed  water. 

L  =  Latent  heat  at  temperature  tv 
„    p  =  Pressure  of  steam  in  lbs.  per  square  inch. 
„   V,=  Volume  in  cub.  ft.  of  1  lb.  of  dry  steam  at  pressure  p.* 
„  Vw=         „  „  „  water  =  *o  1 6  cub.  ft. 

Supposing  the  steam  to  be  dry,  then,  we  have— 
1.  Total   heat   expended  -  i^^^'Se^cx^KlX., 

»  it  "ft-O  +  L. 

=  (f, -y  +  966-6-7  ft- 212)  B.T.U. 
„  „  =  1115  +  -3*,  -  tt  B.T.U.t 

*  The  volume  of  1  lb.  of  dry  steam  at  a  given  press  are  is  sometimes 
called  the  Specific  Volume  of  steam  at  that  pressure.  We  find,  however, 
that  students  often  make  the  mistake  of  confounding  the  term  Specific 
Volume  with  that  of  "  Relative  Volume  of  Equal  Weights  of  Steam  and 
Water,"  and,  therefore,  we  prefer  i«ot  to  use  the  former  term. 

f  Instead  of  remembering  this  final  result,  students  should  deduce  it> 
when  required,  from  definition  as  stated  in  italics  above.    « , 
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2.   External  Work  done  )  =   (Pressure  per  sqr.fi.  x  Increase  of 
during  evaporation    J        [volume  during  evaporation. 

=  144i>(V.-V«)ft.lba. 

_144^(V.-V!1) 
i/r,        tt  t?  —  772  .d»a.u« 

=  9666  -  7  ft  -  212)  -  ^^£f^  B.T.TT. 

The  value  of  Vw,  in  the  expression  for  external  work  is  so 
small  compared  with  that  of  V,  for  all  ordinary  pressures,  that 
we  may  safely  neglect  it  in  most  calculations. 

EXAMPLE  I. — How  many  ft.-lbs.  of  work  are  done  in  convert- 
ing i  lb.  of  water  from  a  temperature  of  ioo°  F.  into  dry  steam  at 
28 1 °  F.  (corresponding  to  an  absolute  pressure  of  50  lbs.  per 
square  inch)  ?  The  volume  of  1  lb.  of  dry  steam  at  that  tempera- 
ture and  pressure  being  8*31  cubic  feet;  find  external  and  internal 
work  done  during  formation  of  steam,  and  weight  of  steam  used 
per  hour  per  horse  power. 

ANSWER.— Here,  ^  =  281°  F.,  e,=  ioo°  F.,  ^=50  lbs.  per 
square  inch,  V,  =  8'3i  cubic  feet. 

1.  Total  heat  expended  =  {^LaleVia^  *"* 
Increase  of  sensible  heat            =  281  -  100=  181  B.T.U. 

Latent  heat  =  966*6  -  7  (281  -  2i2)  =  9i8'3  B.T.U. 

Total  heat  expended  =  181 +918  3=  1099*3  B.T.U. 

„  „  =  10993 x 772- 848,669-6  ft.  lbs. 

2.  External  work  done!  =  IdAnY 
during  evaporation  j        **p    *' 

„  „  =  144x50x8  31=59,832  ft.  lbs. 

3.  Internal  work  done).      _   [Latent  heat  of  evaporation 

during  evaporation  J         (  -  External  work. 

,,  =  918*3  x  772  -  59,832  ft.  lbs. 

=  649,0966  ft.  lbs. 

4.  Let  x—  Weight  of  steam  used  per  hour  per  horse  power. 

External  work  done  per  x  lb.  of  steam  formed  =  59,832  ft.  lbs. 
„  1,  »lbs.         „        „        =  59,832  a!  ft.  lbs. 

Now,  1  horse-power  corresponds  to  33,000  x  60  =  1,980,000  ft.  lbs.  per  hoar. 
•••  By  the  conditions  of  the  question— 
59,8320;=  1,980,000 
^  1,980,000     __  ___ 

Or,  *=-lp^=331bB. 

Heat  Rejected  to  Condenser. — In  the  preceding  examples 
it  has  been  tacitly  assumed  that  during  the  return  motion  of  the 
piston  within  the  cylinder,  the  condensation  of  the  steam  was 
effected  under  zero  pressure — i.e.,  condensation  was  so  perfect  that 
no  back  pressure  was  felt  on  the  under  surface  of  the  piston.  The 
piston,  therefore,  returned  unloaded.     The  whole  of  the  external 
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work  done  during  the  upward  motion  of  the  piston  was,  therefore,, 
available  for  useful  purposes.  Had  the  condensation  been  in- 
complete, part  of  the  work  would  have  been  ^employed  in 
returning  the  piston  against  the  back  pressure  due  to  the  im- 
perfect vacuum.  Such  perfect  conditions  as  we  have  hitherto 
assumed  cannot  be  attained  in  practice.  Condensation  is  always 
more  or  less  imperfect,  and  consequently  we  find  that  the  back 
pressure  varies  from  2  to  5  lbs.  per  square  inch  in  condensing 
engines,  to  15  or  18  lbs.  per  square  inch  in  non-condensing 
engines.  A  perfect  vacuum  cannot  be  attained  in  practice ;  for, 
water  at  all  temperatures  gives  off  vapours  which  naturally 
exerts  a  certain  pressure.  Thus,  at  a  temperature  of  about  8o°  F. 
water  vapour  exerts  a  pressure  of  about  '5  lb.  per  square  inch, 
and  at  a  temperature  of  1020  F.  the  vapour  pressure  is  1  lb.  per 
square  inch. 

The  subject  presently  before  us  is  to  determine  the  amount  of 
heat  rejected  to  the  condensing  water  per  lb.  of  steam  passing- 
through  the  engine.  This,  as  may  be  inferred  from  the  above 
remarks,  depends  upon  the  conditions  under  which  condensation 
takes  place.  Consideration  of  the  following  three  cases  will  give 
the  student  a  clear  idea  of  the  distribution  of  heat  in  an  ordinary 
steam  engine : — 

FIRST  CASE. — Suppose  condensation  to  take  place  under  the 
same  pressure  as  tlie  evaporation. 

Let  p  =  Pressure  of  steam  in  lbs. 
per  square  inch  absolute. 
„    V,=  Volume  of  1   lb.  of  dry 
steam  at  pressure  p. 
Total  heat  expended  per  lb. 
from  feed  water  temper- 
ature to  steam  at  pres- 
sure p. 
Rejected  heat  to  conden- 


Q 


R 


As  before,  let  the  1  lb.  of  water 
be  heated  under  the  movable  piston 
of  a  tall  cylindrical  vessel  whose 
cross  sectional  area  is  one  square  External  Work  Done  dur- 
foot.  For  our  present  purposes,  how-  *NG  Condensation  of 
iwu.  j.  vi  uui  jiicouv^  ,\,      '  .  Steam   under  the   same 

ever,  it  is  best  to  neglect  the  atmo-      pBESSURE  AS  the  Evapo- 
spheric  pressure  on  the  upper  surface      ration  took  place. 
of  the  piston,  and  to  suppose  the 

necessary  pressure  to  be  caused  by  a  weight  placed  on  the  piston. 
The  magnitude  of  this  weight  will  be,  P=  144  p  lbs. 
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After  the  water  is  completely  evaporated,  the  piston  will  be  at 
a  height  of  V,  feet  above  the  base  of  the  vessel,  and — 

The  external  work  done  during  evaporation —  PV,  ft.  lbs. 
t>  it  it  if  ™  rrj  B.T.u. 

Suppose  we  now  convert  the  tall  cylinder  into  a  condenser  by 
surrounding  it  with  cold  water.  The  weight  P,  still  remaining 
on  the  piston,  condensation  will  take  place  under  the  same  con- 
ditions that  evaporation  took  place — viz.,  under  a  pressure  of  p  lbs. 
per  square  inch.  Let  the  final  temperature  of  the  condensed 
steam  be  the  same  as  the  initial  temperature  of  the  water.  Then, 
during  condensation,  the  heat  rejected  to  the  condensing  water  is 
clearly  equal  to  the  total  heat  expended,  or  Q  units.  For  the 
heat  rejected  is  derived  from  the  following  sources : 

i.  That  heat  which  is  derived  from  the  work  done  by  the 
descending  piston.  Neglecting  the  very  small  volume  Vw  of 
i  lb.  of  water,  we  see  that  the  work  thus  converted  into  heat  is 

P.V« 

B.T.TL,    which  passes  through  the  steam  into  the  con- 
densing water. 

2.  The  heat  formerly  spent  on  internal  work  during  evaporation 
is  now  yielded  up  to  the  condensing  water. 

3.  The  sensible  heat  given  out  during  the  cooling  of  the  water 
to  its  initial  temperature. 

Hence,  in  a  cycle  of  operations  of  this  kind,  no  available 
external  work  is  done.  The  external  work  done  during  the 
ascent  of  the  piston  is  undone,  or  has  to  be  restored  during  its 
descent,  thus  leaving  no  work  available  for  useful  purposes. 

The  results  of  this  case  may  be  stated  thus  : 

Heat  Rejected  to  Condenser  =  Total  Heat  Expended. 
Or,  R-Q. 

SECOND  CASE. — Suppose  condensation  to  take  place  under 
zero  pressure. 

This  corresponds  to  those  cases  previously  considered,  and  also 
to  the  case  of  an  engine  whose  condenser  gives  a  perfect  vacuum, 
or  no  back  pressure. 

To  understand  this  case,  suppose  at  the  instant  the  condenser  is 
applied  to  the  cylinder  full  of  dry  steam  that  the  weight  P  is  lifted 
011*  the  piston.     Then,  clearly,  no  external  work  will  be  done  by 
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the  descending  piston  during  the   condensation  of  the  steam. 
Hence,  in  this  case— 

PV 
Or,  R  =  «V 


I 


Condensation  of  Steam  at 
Zebo  Pressure. 


Condensation  op  Steam  under 
a  Back  Pressure  ov  pb  lbs. 

PER  SQUARE  INCH. 

THIRD  CASE. — Suppose  condensation  to  take  place  under  a 
pressure  of  pb  lbs.  per  square  inch  absolute. 

This  corresponds  to  those  cases  occurring  in  practice,  where  pb 
is  the  back  pressure  on  the  piston  due  to  the  pressure  of  the 
vapour  in  the  condenser. 

At  the  instant  when  condensation  is  about  to  take  place, 
imagine  the  weight  P  to  be  lifted  off  the  piston  and  another  but 
smaller  weight  (P&  =  144  pb  lbs.)  to  be  put  in  its  place.  Then, 
during  condensation,  the  piston  descends  under  the  load  P6  lbs., 
and  the  work  done  during  the  descent  is  converted  into  heat, 
which  passes  away  to  the  condensing  water.  The  heat  rejected  to 
the  condenser  is  therefore  greater  in  this  than  in  the  former  case 

P  V 

by  the  amount  P6V,  ft.-lbs.,  or  —m-  B.T.U. 

PV      P  V 

772        772 

=  Q-<P-Pfe)Y'  B.T.U. 

772 


i.e.  R  = 
Or,  since  P=  144  p,  and  P6  =  144  pb9 


R=Q-^(p-^)v,b.t.u. 
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•    The  foregoing  results  could  have  been  obtained  at  once  from 
the  Principle  of  the  Conservation  of  Energy,  thus — 

if^«i  i.A.+  *™*~a*a  •  flHeat  converted  into  useful  work 
Total  heat  expended  -  \  +heat  rejected  to  condenser. 

But,  Total  heat  expended       =  Q  units. 

Heat  converted  into  useful  work  = — -  =  - —  (p-Pb)  V,  units. 

772  772 

Heat  rejected  to  condenser  =  R  units. 

Q  =  ^  ( J>  -  J>6)  V,  +  R  (heat  units). 

As  already  explained,  the  back  pressure  in  condensing  engines 
Taries  from  2  lbs.  to  5  lbs.;  per  square  inch.  In  non* condensing 
engines  the  steam,  after  performing  work  in  the  cylinder, 
exhausts  into  the  atmosphere,  and  the  back  pressure  can  there- 
fore never  be  less  than  the  atmospheric  pressure,  in  fact  it  varies 
from  15  to  18  lbs.  per  square  inch.  In  this  case  the  atmosphere 
is  the  condenser,  but  the  whole  of  the  heat  rejected  to  it  is  lost. 
The  advantages  of  a  good  condenser  are  thus  apparent.  For,  in 
addition  to  the  reduction  of  the  back  pressure,  part  of  the  heat 
rejected  to  it  is  employed  in  raising  the  temperature  of  the  feed 
water. 

EXAMPLE  II. — A  non-expansive  condensing  steam  engine  is 
supplied  with  steam  at  a  pressure  of  45  lbs.  per  square  inch  by 
gauge.  The  vacuum  gauge  indicates  a  pressure  of  2  lbs.  per 
square  inch  in  the  condenser.  Find  (1)  the  amount  of  heat 
rejected  to  the  condenser  per  lb.  of  steam  used ;  (2)  the  steam 
•efficiency ;  and  (3)  the  weight  of  water  used  per  hour  per  effective 
horse-power.     Let  the  temperature  of  feed  water—  ioo°  F. 

ANSWER. — The  absolute  pressure  of  the  above  steam  is 
45+15  =  60  lbs.  per  square  inch.  Referring  to  the  tables  on 
p.  85,  we  find  the  temperature  of  steam  at  60  lbs.  absolute  to  be 
292*7°  F.,  say,  293°  F.;  and  the  volume  of  1  lb.  of  dry  steam  at 
the  same  pressure  is  V,  =  7  cubic  feet. 

Total  ^atj^mded^  =Increase  ofSensibU  Keat^  Latent  heat. 

Or,  Q= (293 -100) +  966 *6-  7(293-2i2)B.T.U. 

,,  =  1103  B.T.U.  (very  nearly). 
Heat  converted  into  Useful]      144  ,      Mv„ 
Work  per  lb.  0/ steam     J  ~fji  U>~TO  Yj- 

»  »  =H£(6o-2)x7=7575B.T.rj. 

772 

Now,  Q=£**(p-j*)V.+B. 

772 
B=  1 103  -  7575=1027*25  B.T.TT. 

Steam  Efficiency  =7£Z5=-0687,  or,  6*87%. 
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Let  x = weight  of  water  used  per  hour  per  effective  h.p. 

TheD*  W? 7i£TJS\  - M4  (F-fb)  V.«  ft.  lbs. 

„  „       =  144  (60  -  2)  x  7 + x= 58,464  aj  ft  lbs. 

But,  I  Horse-power  =33,000  x  60=  1,980,000  ft.  lbs.  per  hour. 

58,464*=  1,980,000. 

x=L^°^  =  34-4  lbs. 
58,464 

Partial  Evaporation. — Up  till  now,  our  calculations,  <fcc.,  have 
been  based  on  the  assumption  that  the  steam  when  formed 
contained  no  suspended  moisture.  In  other  words,  the  steam  was 
assumed  to  be  perfectly  dry.  The  steam  supplied  to  an  engine 
from  an  ordinary  boiler  is  seldom  in  this  condition,  for  it  is  always 
more  or  less  saturated  with  watery  particles.  Even  if  the  steam 
be  dry  on  leaving  the  boiler,  it  may  enter  the  working  cylinder  in 
a  very  moist  condition,  due  to  loss  of  heat  from  various  causes  in 
its  passage  from  the  former  to  the  latter.  Again,  large  quantities 
of  water  sometimes  pass  along  with  the  steam  from  the  boiler  to 
the  cylinder,  and  go  through  the  engine  without  yielding  any 
return  for  the  heat  spent  in  raising  its  temperature  to  that  of  the 
.  accompanying  steam.  Such  large  quantities  of  water  are  called 
priming,  in  distinction  to  the  smaller  quantities  which  are 
mingled  with  the  steam  in  the  form  of  a  fine  spray  and  which 
we  have  termed  suspended  moisture.  Priming  is  generally  the 
result  of  either  too  small  a  steam  space  in  the  boiler  or  too  rapid 
ebullition,  or  impurities  in  the  water,  or  a  combination  of  these 
defects.  It  may  cause  a  great  deal  of  trouble  to  the  engineer  in 
charge,  and  when  excessive,  it  may  result  in  a  fractured  cylinder- 
cover  or  necessitate  the  stoppage  of  the  engine. 

At  present  we  are,  however,  not  concerned  with  the  effects  of 
priming,  and  shall  consequently  confine  our  remarks  to  cases  of 
partial  evaporation  in  which  the  steam  contains  moisture  held  in 
suspension. 

Take  the  case  of  1  lb.  of  water  at  2120  F.  converted  into  wet 
steam  at  the  same  temperature.  Suppose  the  steam  contains  10 
per  cent,  of  suspended  moisture.  Then  only  90  per  cent.,  or  -9  lb. 
of  the  water  will  be  in  the  form  of  dry  steam.  Hence,  instead  of 
spending  the  966*6  B.T.U.  of  latent  heat,  we  only  require  *q  x 
966*6  «  869*94  B.T.U.  to  bring  about  this  result.  The  fraction,  -9, 
is  called  the  dryness  fraction  of  the  steam.  If  the  1  lb.  of  water 
had  had  an  initial  temperature  less  than  2120  F.,  say,  ioo°  F., 
then,  the  total  heat  expended  would  have  been  (212  -  100)  +  "9  x 
9666  =  981*94  B.T.U.    Generally— 
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Let  Q= Total  heat  expended  per  lb.  of  wet  steam  at  temperature 

t,°  from  water  at  temperature  tt\ 
„   L= Latent  beat  per  lb.  of  dry  steam. 
„  x  =  Dryness  fraction,  or  dry  steam  in  i  lb.  of  wet  steam. 
Then,  Q = Increase  of  sensible  heat + latent  heat. 

But,  Increase  of  sensible  heat =  tt-tt  heat  units, 

Therefore,  Q=(t1-ts)+*L  heat  units. 

We  have  now  to  show  how  the  external  work  done  during  the 
formation  of  wet  steam  is  found. 

Let  V«  =  Volume  of  i  lb.  of  dry  steam  at  pressure  p  lbs.  per  square  inch* 
V«*  =  Volume  of  i  lb.  of  wet  steam  at  same  pressure. 
Vw  =  Volume  of  i  lb.  of  water=*oi6  cub.  ft. 
x  =  Dryness  fraction  (as  before). 
Then,  Ym  ={voL  of  dry  steam + vol.  of  water)  in  i  lb.  of  the  mixture. 

„     =*Vf  +  (Vr-*V«,), 

Or,  V„  =  x'V,+(l-x)Vw  \ 

„    «*(▼•-▼.)  + V.J 

Supposing,  then,  the  piston  of  the  cylinder  to  be  one  square 
foot  in  area,  we  get — 

Displacement  of  piston  =  Vw  -  Vw  ft. 

.\  External  work  .per  lb.)  _¥ji-  „/v      v  N 
of  wet  steam  formed.  I  ~lA4P  (V-~  Y»' 

,.  ,,  =  X44  p  *  (V„  -  Vw)  work  units. 

Unless  for  very  high  pressures,  Vw  is  very  small  compared  with 
Vw,  and  may,  therefore,  be  neglected  in  the  above  formulae. 

EXAMPLE  III. — A  boiler  supplies  steam  at  a  pressure  of 
90  lbs.  absolute,  which  contains  10  per  cent  of  suspended  moisture. 
The  temperature  of  the  feed  water  is  ioo°  F.  Find  (1)  volume 
per  lb.  of  wet  steam  thus  formed ;  (2)  the  external  and  internal 
work  during  evaporation ;  and  (3)  the  total  heat  expended  per  lb. 
of  steam  used. 

ANSWER. — Here,  p  =  90  lbs.  abs.,  and  temperature  corre- 
sponding to  this  pressure  is 

L  -  320°F.;  t,  =  ioo°F.;  x  -  I2?-7-I° 
1  *  100 

Volume  of  1  lb.  of  dry  steam  at  pressure  p  is  Vs  =  479  cub.  ft. 
From  above  formulae,  we  get — 


Digitized  by 


Google 


GENERATION  OF  STEAM  IN  A  CLOSED  VESSEL.     447 

i.  Volume  of  1  lb.  of  wet)    v      m  /v    <&  \^xr 
steam.  J  =  ▼•■-*  (v,  -  v«o + v^ 

=  9  (479  -  *oi6)  +  oi6= 4-812  cub.  It 
a.  External    work    done)  ^1AA  _  /V      v  \ 
per  lb.  of  wet  steam   >     I441>  ( Vw  ~  v«* 

s  144  x  90  (4-3 1 2  -  -016)  ft.  Ib8. 
=65,728  ft.  lbs. 

Ort  „  n  =^^-=72*2B.T.XT.  approximately. 

3.  Internal     work      done)       (Latent  heat  per  lb.  of  wet  steam- 

during  evaporation,   j     [external  tcork. 

saL-'44p(V;.-^)heatnnifa, 

„  *  =-9x{9666-7(32o-2«)}-72'2B.T.U. 

n  =8019- 72-2=729-7  B.T.XT. 

»  =  (*,-*,+*  L. 

n  w  -(320-  IOO) +8019=1022  B.T.XJ. 

approximately. 

Generation  of  Steam  in  a  Closed  Vessel. — Having  thus 
considered  the  whole  process  of  the  generation  of  steam  under 
constant  pressure,  we  shall  now  explain,  briefly,  the  differences 
between  those  cases  and  the  generation  of  steam  in  a  closed  vessel. 
This  will  be  of  interest  to  the  student  since  it  corresponds  to  the 
case  of  getting  up  steam  in  a  boiler. 

Suppose  that  we  have  1  lb.  of  water  at  a  given  temperature 
enclosed  in  a  vessel  of  large  capacity.  Suppose,  further,  that  the 
only  pressure  on  the  surface  of  the  water  is  that  due  to  the 
pressure  of  its  own  vapour. 

By  applying  heat  to  the  bottom  of  the  vessel,  the  temperature 
of  the  water  rises  as  before,  steam  is  generated  and  it*  pressure 
increases  with  its  temperature.  In  previous  cases,  where  the  water 
was  heated  and  evaporated  under  a  loaded  piston,  no  evaporation 
took  place  until  the  natural  tension  within  the  mass  of  water  was 
sufficiently  great  to  overcome  the  superincumbent  pressure.  In 
the  present  case,  however,  the  surrounding  pressure  is  always  in 
equilibrium  with  the  tension  within  the  marc  of  water,  and,  con- 
sequently, evaporation  goes  on  uninterrupted. 

Suppose  the  capacity  of  the  vessel  to  be  26*36  cubic  feet  (the 
volume  occupied  by  1  lb.  of  dry  steam  at  atmospheric  pressure). 
Then,  when  the  temperature  of  the  mass  has  risen  to  2i2°F.,  tho 
whole  of  the  water  will  be  converted  into  dry  steam,  and  its 
pressure  will  be  14*7  lbs.  per  square  inch  absolute.  Further 
application  of  heat  causes  superheating  of  the  steam.  Similarly, 
if  the  vessel  had  a  capacity  of  7  cubic  feet  (the  volume  occupied 
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by  i  lb.  of  dry  steam  at  a  pressure  of  60  lbs.  per  square  inch 
absolute),  then  complete  evaporation  would  not  occur  until  the 
temperature  was  2930  F.,  and  the  pressure  of  the  1  lb.  of  dry  steam 
thus  formed  would  be  60  lbs.  per  square  inch  absolute. 

In  getting  up  steam  in  an  ordinary  boiler,  the  pressure  on  the 
surface  of  the  water  at  the  commencement  is  usually  equal  to  that 
of  the  atmosphere.  On  applying  heat  the  temperature  will  rise, 
evaporation,  or  generation  of  steam,  will  not  commence  at  once, 
but  will  be  delayed  until  the  temperature  has  risen  to  2 1 2°  F.  after 
which  the  evaporation  will  proceed  as  described  above. 

We  have  seen  that  during  evaporation  under  constant  pressure, 
a  fraction  of  the  total  heat  expended  is  transformed  into  external 
work.  But,  by  the  nature  of  the  present  case,  no  such  external 
work  can  be  done,  and  this  constitutes  the  essential  difference 
between  the  two  modes  of  forming  steam.  Now,  it  is  quite 
impossible  to  conceive  of  any  difference  in  the  internal  energy  of 
1  lb.  of  dry  steam  formed  according  to  either  method,  so  long  as 
the  pressures  are  equal.  Hence  we  conclude,  that  the  total  heat 
expended-  in  evaporating  water  in  a  closed  vessel  is  less,  by  the 
a/mount  dice  to  external  work,  than  that  spent  in  producing  the  same 
final  result  by  evaporating  under  a  constant  pressure. 

It  is  true  that  during  evaporation  of  the  water  in  the  closed 
vessel,  work  is  being  continually  spent  in  compressing  the  steam 
already  formed ;  this  work,  however,  is  done  within  the  mass  itself, 
and  is  but  part  of  the  internal  work. 


Note,  —The  Student  should  read  an  article  in  The  Practical  Engineer  of 
Sept.  28,  1894,  p.  235,  and  the  following  numbers  on  "  Methods  of  Deter- 
mining the  Dryness  of  Steam,"  by  Prof.  W.  C.  Unwin,  F.R.S.,  &c. 
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Lecture  Xo.- Questions. 

i.  How  many  foot  lbs.  of  work  and  units  of  beat  are  absorbed  in  con- 
verting 5  lbs.  of  water  at  320  F.  into  dry  steam  at  atmospheric  pressure  ? 
Illustrate  your  answer  by  diagrams  similar  to  that  given  in  the  Lecture, 
showing  the  internal  and  external  work  done  on  the  water  by  the  heat. 
An*. 

2.  Define  the  terms  u Internal  Work"  and  "External  Work,"  with 
reference  to  the  generation  of  steam.  How  is  the  efficiency  of  a  steam 
engine  expressed?  Illustrate  your  answers  by  taking  an  example  and 
working  out  the  various  quantities  arithmetically. 

3.  A  boiler  generates  dry  steam  at  an  absolute  pressure  of  95  lbs.  per 
square  inch  from  feed  water  at  6o°  F.  What  percentage  of  heat  will  be 
saved  by  a  feed-heater  which  raises  the  temperature  of  the  feed  water  to 
2120  F.  ?    An*.  13*18  per  cent. 

4.  A  non-expansive  engine  uses  steam  at  an  absolute  pressure  of  60  lbs. 
per  square  inch,  and  makes  60  double  strokes  per  minute.  The  area  of  the 
piston  is  1  square  foot,  and  the  length  of  the  stroke  is  12  inches.     Find 

( 1 )  Weight  of  steam  used  per  minute ;  and  (2)  Total  heat  expended  per 
minute,  the  temperature  of  the  feed  water  being  as  6o°  F.  Ant.  (1)  17*14 
lbs. ;  (2)  19,600  B.  T.  U. 

5.  A  lb.  of  water  at  6o°  F.  is  converted,  at  constant  pressure,  into  dry 
steam  at  75  lbs.  per  square  inch  absolute.     Find  (1)  Total  heat  expended ; 

(2)  External  work  done  during  evaporation ;  (3)  Internal  work  done  during 
evaporation  ;  (4)  Work  done  in  raising  temperature  of  water.  Construct  a 
diagram  showing  graphically  these  various  quantities   of  work.      Ans. 

(1)  1148*35  B.T.U.  ;  (2)  7972  B.T.U. ;  (3)  821*13  B.T.U.  ;  (4)  247*5  B.T.U. 

6.  Suppose,  in  Question  5,  that  the  1  lb.  of  water  had  been  converted 
into  wet  steam  containing  10  per  cent,  of  suspended  moisture.  Find  (1) 
Internal  work  ;  (2)  External  work  done  during  evaporation.  An§.  (1)  738*27 
B.T.U.;  (2)  7173  B.T.U. 

7.  A  boiler  supplies  steam  with  10  per  cent,  of  suspended  moisture,  the 
evaporation  taking  place  at  3200  F.  from  feed  water  at  ioo°  F.  Find  total 
heat  expended  per  1  lb.  of  steam  formed,  and  the  weight  of  water  which 
could  be  evaporated  from  and  at  2120  F.  for  the  same  expenditure  of  heat. 
Ans,  1022  B.T.U. ;  1056  lbs. 

8.  An  engine  works  non-expansively  with  condensation.  The  initial 
pressure  of  the  steam  is  25  lbs.  by  gauge,  and  the  back  pressure  is  3  lbs. 
absolute.  Temperature  of  feed  water  104°  F.  Find  (1)  Effective  work  per 
lb.  of  steam  used ;  (2)  Weight  of  steam  used  per  hour  per  H.P.  ;  (3)  Total 
heat  expended  per  hour  per  H.P.  ;  (4)  Steam  efficiency ;  and  (5)  Heat 
rejected   to  condenser  per  lb.  of  steam  used.    An$.  (1)  69*6  B.T.U. 

(2)  37  lbs.  nearly ;  (3)  40,381*8  B.T.U. ;  (4)  65  per  cent. 
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"Aberdeen,"  S.S.,  indicator  dia- 
grams, 133. 
Absolute  zero  of  temperature,  86. 
Adiabatic  curve,  89,  106. 

,,        expansion,  80. 
Admission  of  steam  to  cylinder,  98. 
Air-pumps,  291. 
American  beam  engine,  193. 
Appendix  I.,  386. 

„        II.,  401. 
III.,  403. 
Areas,  simple  rule,  83. 

,,     Simpson's  rule,  83. 
Atmospheric  engines,  4. 
Anld's  reducing  valve,  408. 
Ayrton  &  Perry's  dynamometer,  150. 

B 

Babgock  &  Witcox  boilers,  304. 
Balancing  moving  parts,  161. 
Beam  engines,  13,  15,  17,  193. 
Belliss'  engine,  421. 
Black's  experiments  on  heat,  57. 
Boilers,  298-350. 

„      Babcock  &  Wilcox,  305. 

„      Construction  of,  327. 

,,      Cornish,  300. 

,,      donkey,  308. 

„      egg-ended,  300. 

„      Galloway,  303. 

„      Lancashire,  302. 

„      land,  298. 

„      locomotive,  355. 

„      marine,  314. 

,,      multitubular  land,  180. 

„      plates,  330. 

„      shells,  strength,  344. 

„      tubulus,    Babcock    &    Wil- 
cox, 304. 

„      vertical,  308,  325. 

„      waggon,  298. 

„      water- tube,  304. 
Boiling  point  of  liquids,  66. 
Bourdon's  gauges,  404. 
Boyle's  law,  79,  84. 
Brakes  for  measuring  H.P.,  146,  152. 
Brock's  quadruple-exp.  engines,  263a. 
Bunsen's  ice  calorimeter,  33,  37. 


Calorimetry,  33,  37. 
Capacity  for  heat,  35. 
Carnot's  principle,  93. 
Cateract  governor,  12. 
Charles*  law,  86. 
Clearance  in  cylinder,  110. 
Combining  indicator  diagrams,  190. 
"  Comet's  "  engine,  189. 
Compound  engines,  Hornblower's,  18. 
„  „        land,  180,  185. 

„  „        marine,  235, 421. 

theory  of,  113. 
Compound  locomotives,  381. 
Compression  in  cylinder,  98,  111. 
Condensation    of   steam,  water  re- 
quired, 72,  78. 
Conduction  of  heat,  40. 
Conductivity  table,  45. 
Connecting-rod,  158,  167,  281,  371. 
Construction  of  boilers,  327-350. 
Convection  of  heat,  46. 
Copper  for  boilers,  329. 
Cornish  boiler,  300. 
!  Coupling  dynamometer,  151. 

„      for  marine  shafts,  206. 
Crank,  action  of,  155. 

,,      effort  curves,  160,  1696. 

„     relative  position  to  piston,  99. 
Curves  of  crank  moments,  160, 1696. 

„      of  expansion,  84,  89,  106. 
Cushioning,  111. 
Cut-off,  98. 
Cylinders,  173,  198,  264. 


Davy's,  Sir  Huhphrky,  experiment 
on  heat,  51. 

Density  of  gas,  79/ 
„       of  steam,  116. 

Diagonal  engines,  201. 

Diagram  of  twisting  moments,  158. 

Diagrams  of  work,  80,  127,  436. 

Diffusivities,  table  of,  45. 
|  Distribution  of  steam  in  cylinder,  94. 
;  Double-acting  engine,  Watt's,  15,  17. 
j  Dabs  &  Co.'s  locomotives,  356. 
I  Duff's  furnace,  411. 
,  Dynamometers,  146,  152. 
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E 

Early  forms  of  land  engines,  1-21. 
,,  locomotives,  353. 

„  marine  engines,  353. 

Early  patents  of  engines,  20. 
Eccentric,  angle  of  advance,  97. 
Engines,  American  beam,  193. 
,,       atmospheric,  4. 
"Comet's,"  189. 
„       compound  marine,  235-248. 
„  „        non -condensing, 

180,  421. 
„  „        theory    of,    113, 

250. 
„       condensing  land,  172. 
,,       diagonal,  201. 
,,       double-acting,  Watt's,  15. 
„       efficiency  of  steam,  437. 
„       heat  engines,  90. 
„        "Hero's,"  1,2. 
,,       horizontal     direct  -  acting, 

216. 
„       Hornblower's,  18. 
„       land,  171,  184. 
„       locomotive,  353,  385. 
„       non-condensing  land,  171. 
„       oscillating,  196. 
,,       quadruple-expansion,  259. 
,,       Savery's,  3. 
,,       single- acting,  11,  13. 
,.       stationary  land,  170. 
,,       triple-expansion,  250,  427. 
Evaporation,  total  heat  of,  70,  435. 
Expansion  gear,  177. 

,,         of  gases  doing  work,  86, 
88  432 
of  steam,  105,  250,  432. 

F 

Flues,  strength  of,  346. 
Forced  draught,  413. 
Fuel  testing  apparatus,  38. 
Furnaces,  corrugated,  350. 

G 

Galloway  boiler,  303. 
Gas,  expansion  of,  86. 
,,    pressure  of,  79. 
,,    volume  of,  79. 
Gauges  for  pressure,  403. 
Giffard's  injector,  379. 
Governor  cataract,  12. 

Hartnell's  177. 
,,        Richardson's,  185/. 
„        Watt's,  15,  17. 


Governor,  Willan's,  427. 
Gridiron  slide  valve,  268. 
Green's  economise!*,  418. 
Griffith's  screw,  225. 
Gusset  stays  in  boilers,  342. 

H 

Heat,  capacity  for,  35. 
,,      conduction,  40. 
,,      couvection,  46. 
, ,      conversion,  work  into  heat,  53. 
,,      engines,  90. 
,,      Kinetic  theory,  62e. 
, ,      latent  and  sensible,  58,  62c. 
,,      quantity  of,  32. 
,,      radiation,  38. 
,,      rejected  to  condenser,  443. 
,,      specific,  35. 

„      tnermo-dynamics,  first  law,  54. 
,,      total,  of  evaporation,  70,  435. 
,,      transfer  of,  38. 
„      unit  of,  32. 
Hero's  engine,  1. 
High-speed  engines,  192,  421. 
Hirsch's  screw,  227. 
History  of  land  engines,  1-20. 

„         locomotive  engines,  354. 
„         marine  engines,  186. 
Hornblower's  engine,  18. 
Hodgkinson's  stoker,  418. 
Horse-power  by  brake,  146,  1496. 
,,  how  to  find,  137. 

,,  indicated,  136. 

,,  nominal,  136. 

Hyperbolic  curve,  89,  106. 
,,        logarithms,  145. 


Indicated  horse-power,  136. 
Indicator  diagrams,  126,  130,  184. 
Richard's,  123. 

„       Thomson's,  125. 

„       Watt's,  122. 

„       Wayne's,  429. 
Inertia  of  moving  parts,  161,  &c. 
Injector  for  locomotive,  379. 
Inside  lead,  103a. 
Isothermal  curve,  89,  106. 
Instantaneous  axis,  168. 


Jacketing  cylinders,  107. 
Joints  in  boilers,  330. 
Joule's  experiments  on  heat,  51. 
Joy's  valve  gear,  205. 
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Lancashire  boiler,  302. 
Land  engines,  170,  185. 
Lap  and  lead,  96,  113. 
Latent  heat,  58,  62e. 
Law,  Boyle's,  59. 

,,     Carnot's,  93. 

„     Charles',  86. 

,,     first,  of  thermo-dynamice,  54. 
Link  motion,  272. 

,,  for  oscillating  cylinder, 

199. 
Liquefaction  in  cylinder,  107. 
Locomotives,  353-385. 
Logarithms,  Napierian,  145. 
Longitudinal  stays  in  boilers,  342. 


Manoin's  screw,  227. 
Manholes,  311. 
Marcet's  boiler,  59. 
Marine  boilers,  314-325, 

,,      engines,  American  boam,  193. 

„  „      compound,  235-248. 

,,  ,,      diagonal,  201. 

, ,  , ,      double  cy  Under,  1 95. 

,,  „       geared,  213. 

„  „      history  of,  186. 

„  ,,      Maudslay's     return, 

connecting-rod, 
215. 

„  „      oscillating,  196. 

„  „      Penn's  trunk,  214. 

„  ,,      quadruple-expan- 

sion, 259. 

„  ,,      side  lever,  191. 

„  „      steeple,  194. 

,,  „      triple-expansion,  250 

,,  ,,       vertical  condensing, 

218,233. 

,,  ,,  ,,     non-condens- 

ing 217. 
Materials  for  boiler  construction,  327. 
Mean  pressure  formulae  for  cylinder, 

139. 
Mechanical  stokers,  413. 
Meldrum's  forced  draught,  413. 
Moments,  twisting  of  crank,  156. 
Multitubular  land  boiler,  180. 


Napierian  logarithms,  145. 
Nature  of  heat  49,  62'. 
Newcomen's  atmospheric  engine,  4. 


Nominal  hone-power,  136. 
Non-condensing  engine,  180,  217 


Oscillating  cylinder,  198. 
„  engines,  19l>. 


Paddle-wheels,  208. 
Parallel  motion,  13,  15. 
Passenger  locomotive,  355. 
Patents,  list  of  early,  20. 
Penn's  trunk  engine,  214. 
Pistons,  276. 

„      Buckley's,  279. 

,,      Kirk's  coned,  277. 

,,      Lancaster,  278. 

,,      locomotive  form,  276. 

„      old  form,  277. 

„      relative  position  to  crank, 99. 

,,      Smea ton's,  6. 

„       valves,  271,  423. 

„       Willans',  423. 
Pitch  of  screw,  221,  231. 
Pressure,  mean,  in  cylinder,  139. 

„        gauges,  403. 

„        of  a  gas,  79. 

, ,       of  saturated  steam,  61,  116. 
Prony  brake,  146. 
Pyrometers,  29,  30a,  407. 


Quadruple- Expansion  engines,  259. 
Quantity  of  heat,  32. 

,,  in  steam,  437. 

Questions  at  end  of  each  lecture  and 
in  Appendix  I. 

R 

Radiation  of  heat,  38. 

Regnault's  experiments,  61. 

Release,  97,  113. 

Return  connecting-rod  engine,  214. 

Richard's  indicator,  123. 

Riveted  joints,  330. 

Rum  ford,  Count,  experiments,  49. 


Safety  valve  for  locomotives,  367. 
Saturated  steam,  tables,  61,  62a. 
Saturation  curve,  106. 
Savery's  engine,  3. 
Senator's  gauges,  407. 


Digitized  by 


Google 


454 


INDEX. 


Screw  propellers,  220-231. 
„  „         early  forms,  222. 

„  ,,         early  invention, 21 3 

Sensible  heat,  56,  62e. 
Shell  and  flues  of  boilers,  339,  344. 
bide  lever  engines,  191. 
Siemens'  pyrometers,  30,  30a,  306. 
Simpson's  rule  for  areas,  83. 
Single-acting  engine,  Watt's,  11. 
Slide  valves,  96,  173. 

„         double-ported,  267, 269. 
„         formula}  for    ordinary, 

103. 
„         locomotive,  266,  373. 
„         old  D  form,  266. 
,,  piston  valve,  270. 

, ,         Thorn's  trick  valves,268. 
Slip  of  screw,  229. 
Smoke  prevention,  409. 
Smeaton's  piston,  6. 
Specifications,     compound     marine, 
engines,  242. 
„  land  condensing,  172. 

„  marine  boilers,  318. 

Specific  heat,  table,  37. 
Staying  of  boilers,  341. 
Steam,  distribution  in  cylinder,  94. 
„      engines,  early  forms,  1-21. 
,,      expansion  of,  105. 
„      liquefaction  in  cylinder,  107. 
„      saturated,  61,  62n,  432. 
„      sensible  and  latent  heats,  62c. 
,,      temperature,  &c,  58,  626. 
„      water  required  for  condens- 
ing, 72a,  78. 
, ,      wire  drawing,  113. 
Superheating  steam,  108. 
Surface  condensers,  77,  78,  288. 


Temperature,  22. 

„  absolute  zero,  86. 

„  of  steam,  58,  62a. 

„  tables,  24. 

Thermo-dynamics,  first  law,  54. 
Thermometry,  22. 
Thomson's  steam  indicator,  125. 
Thornycroft's  screw,  227. 
Thrust  of  screw,  229. 


Transmission  dynamometer,  149. 
Triple-expansion  engines,  250,  422; 
Trunk  engine,  214. 
Tubulous  boilers,  304. 
Twisting  moment,  156,  1696. 

U 

Unit  of  heat,  32. 
„    of  power,  136. 

V 

Vacuum  gauges,  404. 

„      in  condensers,  75,  78. 
Valve  gear,  Joy's,  205. 

„         link  motion,  273. 
„         oscillating  engine,  199. 
Valve,  lap  and  lead,  96. 

„      motion  diagram,  100. 
Vertical  engines,  217,  235,  421. 
Vicar's  stoker,  416. 
Volume  of  a  gas,  626,  79. 
„         steam,  71,  116. 

W 

Waggok  boiler,  298. 
Water,  boiling  point,  66. 

„      for  condensation,  72,  78. 

„      pyrometers,  29,  30a. 

„      total  heat  of  evaporation,  70, 
435. 

„      tube  boiler,  304. 

,,      tube  furnace,  411. 
Watt's  cataract  governor,  12. 

„     diagram  of  work,  80. 

„      double-acthig  engine,  15,  17. 

„      engines,  8-18. 

„      indicator,  122. 

„      model  in  Glasgow,  9. 
Wayne's  indicator,  429. 
WUlans'  triple  expansion  engine,  422L 
Wire  drawing,  113. 
Work  and  heat,  51. 
„     into  heat  in  heat  engines,  92. 
„      of  steam,  116,  432. 
Wrought-iron  for  boilers,  327. 


Zero  of  temperature,  86. 
Zeuner's  diagrams,  99,  101. 
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CHARLES  GRIFFIN  A  CO.'S  PUBLICATIONS. 

THE   DESIGN   OF   STRUCTURES: 

Practical  TraatL—  on  th«  Building  of  Brldfoa,  Roofla,  dm. 

By   S.   ANGLIN,   C.E., 

Master  of  Engineering,  Royal  University  of  Ireland,  late  Whitworth  Scholar,  &c 

With  very  numerous  Diagrams,  Examples,  and  Tables. 
Large  Crown  8vo.    Cloth. 

Second    Edition,    Revised.     16s. 


The  leading  features  in  Mr.  Anglin's  carefully-planned  "  Design  of  Struc- 
tures "  may  be  briefly  summarised  as  follows : — 

1.  It  supplies  the  want,  long  felt  among  Students  of  Engineering  and 
Architecture,  of  a  concise  Text- book  on  Structures,  requiring  on  the  part  of 
the  reader  a  knowledge  of  Elementary  Mathematics  only. 

2.  The  subject  of  Graphic  Statics  has  only  of  recent  years  been  generally 
applied  in  this  country  to  determine  the  Stresses  on  Framed  Structures ;  and 
in  too  many  cases  this  is  done  without  a  knowledge  of  the  principles  upon 
which  the  science  is  founded.  In  Mr.  Anglin's  work  the  system  is  explained 
from  ftrst  principles,  and  the  Student  will  find  in  it  a  valuable  aid  in 
determining  the  stresses  on  all  irregularly-framed  structures. 

3.  A  large  number  of  Practical  Examples,  such  as  occur  in  the  every-day 
experience  of  the  Engineer,  are  given  and  carefully  worked  out,  some  being 
solved  both  analytically  and  graphically,  as  a  guide  to  the  Student 

4.  The  chapters  devoted  to  the  practical  side  of  the  subject,  the  Strength  of 
Joints,  Punching,  Drilling,  Rivetting,  and  other  processes  connected  with  the 
manufacture  of  Bridges,  Roofs,  and  Structural  work  generally,  are  the  result 
of  MANY  years'  experience  in  the  bridge-yard ;  and  the  information  given 
on  this  branch  of  the  subject  will  be  found  of  great  value  to  the  practical 
bridge-builder. 


"  Students  of  Engineering  will  find  this  Text-Book  invaluable.*'— Architect. 

"The  author  has  certainly  succeeded  in  producing  a  thoroughly  practical  Teat- 
Book."—  Builder. 


"We  can  unhesitatingly  recommend  this  work  not  only  to  the  Student,  as  the 
Text-Book  on  the  subject,  but  also  to  the  professional  engineer  as  an  kxchbdinglt 
valuable  book  of  reference."— jl/rcfcuMa*/  World. 

"This  work  can  be  confidently  recommended  to  engineers.  The  author  has  wisely 
chosen  to  use  as  little  of  the  higher  mathematics  as  possible,  and  has  thus  made  his  book  of 
real  use  to  thb  practical  ENGINEER.  .  .  .  After  careful  perusal,  we  have  nothing  but 
praise  for  the  work.**— Nature. 
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CHEMISTRY    FOR    ENGINEERS 

AND    MANUFACTURERS. 

A  PRACTICAL  TEXT-BOOK. 

BY 

BERTRAM  BLOUNT,      a*d      A.  G.  BLOXAM,  P.C.S., 

F.C.S.,  Analyst,  Ac.  Head  of  the  Chemistry  Department*  Gold- 

smith's Inst.,  New  Cross. 

With  Numerous  Illustrations.     In  Two  Volumes,  Large  8vo. 
Sold  Separately. 


VOLUME      X. 

CHEMISTRY  OF  ENGINEERING,  BUILDING,  AND 
METALLURGY. 

GENERAL      CONTENTS. 

X.  INTRODUCTION.  !      4.  Chemistry  of  Lubrication  and 

1.  Chemlstryof  thechlef  Materials  |  Lubricants. 

of  Construction.  H  METALLURGICAL  PROCESSES 

2.  Sources  of  Energy.  I  used  In  the  Winning  and  Manu- 
8.  Chemistry  of  Steam-raising.                  facture  of  Metals. 

VOLUME      IX. 

THE    CHEMISTRY    OF    MANUFACTURING 
PROCESSES. 

GENERAL      CONTENTS. 

XL  Soap  and  Candles. 
XII.  Textiles  and  Bleaching. 
XHX  Colouring  Matters,  Dyeing,  and 

Printing. 
XIV.  Paper  and  Pasteboard. 
XV.  Pigments  and  Paints. 
XVI.  Leather,  Glue,  and  Blse. 
XVII.  Explosives  and  Matches. 
XVHL  Minor  Chemical  Manufactures. 


X.  Sulphuric  Add  Manufacture. 

n.  Manufacture  of  Alkali,  Jtc. 
HL  Destructive  Distillation. 
IV.  Artificial  Manure  Manufacture. 

V.  Petroleum. 
VL  lime  and  Cement. 
vn.  Clay  Industries  and  Glass. 
VUL  Sugar  and  Starch. 
IX.  Brewing  and  Distilling. 

X.  OUs,  Resins,  and  Varnishes. 
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6  OMABLMS  QBIFFIN  A  OO.'S  PUBLICATIONS. 

ASSAYING   (A   Text-Book  of): 

fm  Urn  urn  of  Student*,  MkivManagen,  Aamym%  do. 
By  C.  BERINGER,  F.C.S., 

Lafts  Chief  Assayer  to  the-  Rio  Tioto  Copper  Company,  London 

And  J.  J.  BERINGER,  F.I.C.,  F.C.S., 

Public  Analyst  for,  awl  Lecturer  to  tho  Mmiag  Association  of,  Cornwall. 

With  numerous  Tables  and  Illustrations.      Crown  8vo.     Cloth,  io/CL 
Third  Edition;  Revised. 

Gembsal  Contents. —  Part  I.  —  Introductory;  Manipulation:  Sampling; 
Drying;  Calculation  of  Results—  Laboratory-books  and  Reports.  Mbthods:  Dry  Gravi- 
metric; Wet  Gravimetric—  Volumetric  Assays:  Titrometnc,  Colorimetric,  Gasometric-— 
Weighing,  and   Measuring— -  Reagents—  Formulae,  Equations,  &c. — Specific  Gravity. 

Part  II. — Metals  :  Detection  and  Assay  of  Silver,  Gold,  Platinum,  Mercury,  Copper, 
Lead,  Thallium,  Bismuth,  Antimony,  Iron,  Nickel,  Cobalt,  Zinc,  Cadmium,  Tin,  Tungsten* 
Titanium,  Manganese,  Chromium,  ftc.— Earths,  Alkalies. 

Part  III.— Non-Metals:  Oxygen  and  Oxides;  The  Halogens — Sulphur  and  Soi- 
pfcaisi    Arsenic,  Phosphorus,  Nitrogen— Silicon,  Carbon,  Boron — Useful  Tables. 

"A  really  meritorious  woBK,  that  may  be  safely  depended  upon  either  for  ijitieaofis 
Instruction  or  for  reference." — Nature. 

"This  work  is  one  of  the  best  of  its  kind.    .    .     .    Essentially  of  a  practical  c 
.    .    .    Contains  all  the  information  that  the  Assayer  will  find  necessary  in  the  < 
ef  minerals.  H— Engineer. 


PHOTOGRAPHY: 

ITS  HISTORY,  PROCESSES,  APPARATUS,  AND  MATERIALS. 

Comprising  Working  Details  of  all  the  More  Important  Methods. 

By  A.   BROTHERS,   F.R.A.S. 

WITH  TWENTY-FOUR  FULL  PAGE  PLATES  BY  MANY  OF  THE  PRO- 
CESSES DESCRIBED,  AND  ILLUSTRATIONS  IN  THE  TEXT. 

In  Svo,  Handsome  Cloth.     Price  i&r. 

General  Contents.  —  Part.  I.  Introductory  —  Historical 
Sketch;  Chemistry  and  Optics  of  Photography;  Artificial  Light — 
Part  II.  Photographic  Processes.— Part  III.  Apparatus. — Part  IV. 
Materials. — Part  V. — Applications  of  Photography ;  Practical  Hints. 

"  Mr.  Brothers  has  had  an  experience  in  Photography  so  large  and  varied  that  any  work 
by  him  cannot  fail  to  be  interesting  and  valuable.  ...  A  most  coMramnSfVE  volume, 
entering,  with  fuE  details  into  the  various  processes,  and  war  fully  illustrated.  The 
mulctical  hints  are  of  great  value.  .  .  .  Admirably  got  up,"— Brit./***.  ofPhetafrapkj. 

"For  the  Illustrations  alone,  the  book  is  most  interesting;  but,  apart  from  these*  the 
volume  is  valuable,  brightly  and  pleasantly  written,  and  most  admirably  arbamgeBw"--- 
Ph*t*gr*/>hic  News. 

"  Certainly  the  finest  illustrated  handbook  to  Photography  which  has  ever  been 
published.    Should  be  on  the  reference  shelves  of  every  Photographic  Soda*ty."--Am*4em  • 


'A  handbook  so  far  in  advance  of  most  others,  that  the-  Photographer  most  notrmil 
to  obtain  a  copy  as  a  reference  work." — Photographic  Work. 
"The  complbtest  handbook  of  the  art  which  has  yet  been  published.**— -Sftimmm, 
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WORKS  BY  A.  WYNTER  BLYTH,  ff.RlC.Si,  F.C.S.,. 

Barrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health  for 

St  Marylebone. 


FOODS: 

THEIR  COMPOSITION  AND  ANALYSIS. 

In  Crown  8vo,  Cloth,   with   Elaborate  Tables,   Folding  Litho-Plate, 
and  Photographic  Frontispiece.    Foubth  Edition. 

[At  Press. 
OBNEBAL  CONTENTS. 
History  of  Adulteration — Legislation,  Past  and  Present — Apparatus 
useful  to  the  Food- Analyst — "Ash" — Sugar — Confectionery— Honey — 
Treacle — Jams  and  Preserved  Fruits— -Starches — Whea ten- Flour —Bread 
— Oats  —  Barley — Rye —Rice  —  Maize  —  Millet  —  Potato — Peas — Chinese 
Peas — Lentils  —  Beans  — Mi  lk — Cream — Butter — Cheese — Tea— Coffee- 
Cocoa  and  Chocolate — Alcohol — Brandy; — Rum— Whisky— Gin — Arrack — . 
Liqueurs — Beer — Wine — Vinegar — Lemon  and  Lime  Juice — Mustard — 
Pepper  —  Sweet  and  Bitter  Almond  —  Annatto  —  Olive  Oil  —  Water. 
Appendix :  Text  of  English  and  American  Adulteration  Acts. 

"  Thoroughly  practical.  .  .  .  Should  he  in  the  hands  of  every  medical  practitioner.'*— Lamatt 
"An  admirable  digest  of  the  most  recent  state  of  knowledge.    .    .    .    Interesting  even  to  lay 
readers.  '—Chemical  Sew*. 

"Stand*  usdivallkd  for  completeness  of  information."—  Sanitary  Record. 
*«*  The  Fourth  Edition  will  contain  many  Additions. 


POISONS: 

THEIR  EFFECTS  AND  DETECTION. 

Third  Edition.     In  Large  8vo,  Cloth,  with  Tables  and  Illustrations. 
Price  21s. 

GENERAL  CONTENTS. 
I. — Historical  Introduction.  II. — Classification — Statistics — Connection 
between  Toxic  Action  and  Chemical  Composition — Life  Tests— General 
Method  of  Procedure — The  Spectroscope — Examination  of  Blood  and  Blood 
Stains.  III. — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — More 
or  less  Volatile  Poisonous  Substances.  VI. — Alkaloids  and  Poisonous 
Vegetable  Principles.  VII. — Poisons  derived  from  Living  or  Dead  Animal 
Substances.  VIII. — The  Oxalic  Acid  Group.  IX. — Inorganic  Poisons. 
Appendix :  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

"A  $orsD  and  practical  Manual  of  Toxicology,  which  cannot  be  too  warmly  recommended. 
One  of  its  chief  merits  is  that  it  discusses  substances  which  have  been  overlooked."— Chemical 
Newt. 

"  One  of  the  bbbt,  most  thobouob,  and  compr&bsmsxtb  works  on  the  subject."— Saturday 
Review. 

V  In  the  TniftD  Edition,  Enlarged  and  partly  Re- written,  Nsw  Analytical  Method* have 
been  introduced,  and  the  Cadavkkic  Alkaloids,  or  Ptomainrs,  bodies  playing  so  great  a  part  in 
Food-poisoning  and  In  the  Manifestations  of  Disease,  have  received  special  attention, 
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S  CHARLES  GRIFFIN  *  CO.'S  PUBLICATIONS. 

MINE-SURVEYING   (A   Text-Book   of): 

For  the  use  of  Manager*  of  Mines  and  Collieries,  8tudents 
at  the  Royal  School  of  Mines,  do. 

By  BENNETT   H.   B  ROUGH,    F.G.S., 

Late  Instructor  of  Mine-Surveying,  Royal  School  of  Mines. 

With  Diagrams.    Fourth  Edition.     Crown  8vo.    Cloth,  7s.  6d. 

General  Contents. 

General  Explanations — Measurement  of  Distances — Miner's  Dial — Variation  of 
the  Magnetic-Needle — Surveying  with  the  Magnetic-Needle  in  presence  of  Iron — 
Surveying  with  the  Fixed  Needle — German  Dial — Theodolite — Traversing  Under- 
ground^Surface-Surveys  with  Theodolite — Plotting  the  Survey— Calculation  of 
Areas — Levelling — Connection  of  Underground-  and  Surface-Surveys — Measuring 
Distances  by  Telescope— Setting-out — Mine-Surveying  Problems — Mine  Plans — 
Applications  of  Magnetic-Needle  in  Mining — Appendices. 

"  It  is  the  kind  of  book  which  has  long  been  wanted,  and  no  English-speaking  Mine  Ages* 
or  Mining  Student  will  consider  his  technical  library  complete  without  it.'  — Natter*. 

"Supplies  a  long-fklt  want."— Irv*. 

"  A  valuable  accessory  to  Surveyors  in  every  department  of  commercial  enterprise."— 
CdHrry  G*ard$mm. 


WOUK  s 

By  WALTER  R.  BROWNE,  M.A.,  M.  Inst.  C.E., 

Late  Fellow  of  Trinity  College,  Cambridge. 


THE    STUDENT'S    MECHANICS: 

An  Introduction  to  the  Study  of  Force  and  Motion* 

With  Diagrams.     Crown  8vo.     Cloth,  4s.  6d. 

Clear  in  style  and  practical  in  method,  'Thb  Student's  Mechanics'  is  cordially  to  be 
'    '  from  all  points  of  ricw."—AtJUmtum. 


FOUNDATIONS    OF    MECHANICS. 

Papers  reprinted  from  the  Engineer.    In  Crown  8vo,  is. 


FUEL    AND    WATER: 

A  Manual  for  Users  of  Steam  and  Water. 
Br  Paor.  SCHWACKH0FER  and  W.  R.  BROWNE,  M.A.     (See  p.  38.) 
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GAS    MANUFACTURE 

(THE    CHEMISTRY    OF). 

A  Hand-Book  on  the  Production,  Purification,  and  Testing 
of  Illuminating  Gas,  and  the  Assay  of  the  Bye- 
Products  of  Qas  Manufacture.    For  the 
Use  of  Students. 


W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.C.S., 

Head  Chemist,  Gm  Works,  Beckton,  London,  E. 


GENERAL     CONTENTS. 

I. 

Raw    Materials   for    Gas!     VI.  Final  Details  of  H 

Manufacture.                  !               factnre. 

II. 

Coal  Gas.                            1   VII.  Gas  Analysis. 

in. 

Carbnretted  Water  Gas.     1  VIII.  Photometry. 

IV. 

Oil  Gas.                                  IX.  Applications  of  Gas. 

v. 

Enriching  by  Light  Oils.    1       X.  Bye-Products. 

With  Numerous  Illustrations. 

%*  This  work  deals  primarily  with  the  ordinary  processes  of  Gab  Manufacture 
employed  in  this  country,  and  aims  especially  at  indicating  the  principles  on  which 
they  are  based.  The  mote  modern,  but  as  yet  subsidiary,  processes  are  fully  treated 
also.  The  Chapters  on  Gas  Analysis  and  Photometry  will  enable  the  consumer  to 
grasp  the  methods  by  which  the  quality  of  the  gas  he  uses  is  ascertained,  and  in  the 
Chapter  on  The  Applications  of  Gasf  not  only  is  it  discussed  as  an  illuminant,  but 
also  as  a  ready  source  of  heat  and  power.  In  the  final  Chapter,  an  attempt  has  been 
made  to  trace  in  a  readily-intelligible  manner  the  extraction  of  the  principal  derivatives 
from  the  crude  Bye-products.  The  work  deals  incidentally  witn  the  most  modern 
developments  of  the  industry,  including  inter  alia  the  commercial  production  and 
uses  or  acetylene  and  the  application  of  compressed  gas  for  Street  Traction.  The  needs 
of  the  Students  in  Technical  Colleges  and  Classes  have  throughout  been  kept  in  view.  , 

LONDON :  EXETER  STREET,  STRAND. 

Digitized  by  VjOOQIC 


io  CHARLES  QRIFFIN  4  CO.'S  PUBLICATIONS. 

Works  by  GRENVILLE  A.  J.  COLE,  M.R.I.A.,  F.G.S., 

Professor  of  Geology  in  the  Royal  College  of  Science  for  Ireland. 


PRACTICAL    GEOLOGY 

(AIDS    IN): 

WITH  A   SECTION  ON  PALAEONTOLOGY. 

Second  Edition',  Revised.      With  Illustrations.     Cloth,  ios.  6d. 

GENERAL  CONTENTS.— PART  I.— Sampling  of  the  Earth's 
Crust.  PART  II. —Examination  op  Minerals.  PART  III.— Examina- 
tion of  Rocks.    PART  IV.— Examination  of  Fossils. 

"  Prof.  Cole  treats  of  the  examination  of  minerals  and  rocks  in  a  way  that  has  never 
been  attempted  before  .  .  .  deserving  of  the  highest  praise.  Here  indeed  are 
'  Aids '  innumerable  and  invaluable.  All  the  directions  are  given  with  the  utmost  clear- 
ness and  precision."— Athenetum. 

"To  the  younger  workers  in  Geology,  Prof.  Cole's  book  will  be  as  indispensable  as  a 
dictionary  to  the  learners  of  a  language.  —Sa turday  Review. 

"  That  the  work  deserves  its  title,  that  it  is  full  of  '  Aids/  and  in  the  highest  degree 
'practical,'  will  be  the  verdict  of  all  who  use  it." — Nature. 

"  A  most  valuable  and  welcome  book  ...  the  subject  is  treated  on  lines  wholly 
different  from  those  in  any  other  Manual,  and  is  therefore  very  original.'] — Science  Gossip. 

"A  more  useful  work  for  the  practical  geologist  has  not  appeared  in  handy  form,'  — 
Scottish  Geographical  Magazine. 

"  This  excellent  Manual  .  .  .  will  be  a  very  great  help.  .  .  .  The  section 
on  the  Examination  of  Fossils  is  probably  the  best  of  its  kind  yet  published.  .  .  .  Full 
of  well-digested  information  from  the  newest  sources  and  from  personal  research. w— Anmm it 
of  Nat.  History. 


New  and  Attractive  Work  by  Prof.  COLE; 

OPEN-AIR     STUDIES; 

An  Introduction  to  Geology  Out-of-doors. 

With    Full-Page    Illustrations  from    Photographs.       Cloth.       8s.    6d. 

General  Contents. — The  Materials  of  the  Earth — A  Mountain  Hollow 
— Down  the  Valley — Along  the  Shore — Across  the  Plains — Dead  Volcanoes 
— A  Granite  Highland — The  Annals  of  the  Earth — The  Surrey  Hills — The 
Folds  of  the  Mountains. 

11  This  cHARMixr.  n  ok  ought  to  be  in  the  hands  or  everybody  who  desires  to  enquire  a 
knowledge  of  Keology.  Th  •  author  .  .  .  has  handled  his  subiect  in  such  a  way  as  to 
combine  the  strictsrm  or  science  with  a  manner  of  treatment  so  ka*t,  popular,  and 
agreeable  that  ihc  mo*t  indifferent  reader  could  hardly  peruse  it  without  being  inspired 
with  an  iu:erest  in  the  subject.  .  .  .  An  immrnbk  mars  of  facts  Is  brought  before  the 
reader,  and  the  value  aud  bearing  of  every  item  exhibited  with  the  utmost  cleanses*."— 
Ft  eeman's  Journal. 
I"  A  book  that  may  very  well  make  the  leisure  time  of  ev*»n  the  tourist  a  source  of 
rssTRCCTiOH  and  pleasure— not  for  one  year  only,  but  for  a  wholk  life-time." — Glasgow 
Herald. 
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SEWAGE  DISPOSAL  WORKS; 

A  Guide  to  the  Construction  of  Works  for  the  Prevention  of  the 
Pollution  by  Sewage  of  Rivers  and  Estuaries. 


W.  SANTO    CRIMP,   M.Inst.C.K,   F.G.S., 

Late  Assistant-Engineer,  London  County  Council. 

With  Tables,  Illustrations  in  the  Text,  and  37  Lithographic  Plates. 
8vo.     Handsome  Cloth. 

Second  Edition,  Revised  and  Enlarged.    30s. 


PART  I.— Introductory. 


Introduction. 

Detail*  of  River  Pollutions  and  Recommenda- 
tions of  Various  Commissions. 

Hourly  and  Daily  Flow  of  Sewage. 

The  Pail  System  as  Affecting  Sewage. 

The  Separation  of  Rain-water  from  the  Sewage 
Proper. 


Settling  Tanks. 

Chemical  Processes. 

The  Disposal  of  Sewage-sludge. 

The  Preparation  of  Land  for  Sewage! 

posaL 
Table  of  Sewage  Farm  Management. 


PART  II.— Sewage  Disposal  Works  in  Operation— Their 
Construction,  Maintenance,  and  Cost. 

Illustrated  by  Plates  showing  the  General  Plan  and  Arrangement  adopted 
in  each  District. 


Map  of  the  LONDON  Sewage  System. 

Crossness  Outfall. 

Barking  Outfall. 

Doacaster  Irrigation  Farm. 

Beddington  Irrigation  Farm,  Borough  of 
Croydon. 

Bedford  Sewage  Farm  Irrigation. 

Dewsbury  and  Hitchin  Intermittent  Fil- 
tration. 

Merton,  Croydon  Rural  Sanitary  Authority. 

Swanwick,  Derbyshire. 

The  Ealing  Sewage  Works. 

Chiewick. 

Kingston-on-Thames,  ARC  Process. 

Salford  Sewage  Works. 


Bradford,  Precipitation. 
New    Maiden,   Chemica 

Small  Filters. 
Friern  Barnet. 

Acton,  Ferotone  and  Polarite  Process; 
llford,  Chadwell,  and  Dagenham  Works. 
Coventry. 
Wimbledon. 
Birmingham. 
Margate. 
Portsmouth. 

BERLIN  Sewage  Farms. 
Sewage    Precipitation    Works, 

(Germany). 
Treatment  of  Sewage  by  Electrolysis. 


•»*  From  the  fact  of  the  Author's  having,  for  some  years,  had  charge  of  the  Main 
Drainage  Works  of  the  Northern  Section  of  the  Metropolis,  the  chapter  on  London  will  be 
found  to  contain  many  important  details  which  would  not  otherwise  have  been  available. 

"  All  persons  interested  in  Sanitary  Science  owe  a  debt  of  gratitude  to  Mr.  Crimp.  .  .  . 
His  work  will  be  especially  useful  to  Sanitary  Authorities  and  their  advisers  .  .  . 
eminently  pkactical  AND  USEFUL  .  .  .  gives  plans  and  descriptions  of  MANY  OP  THE 
most  important  SEWAGE  works  of  England  .  .  .  with  very  valuable  information  as  to 
the  cost  of  construction  and  working  of  each.  .  .  .  The  carefully-prepared  drawings  per- 
mit of  an  easy  comparison  between  the  different  systems."— Lmnctt 

"  Probably  the  most  complete  and  best  treatise  on  the  subject  which  has  appeared 
in  oar  language.  .  .  .  Will  prove  of  the  greatest  use  to  all  who  have  the  problem  of 
Sewage  Disposal  to  £**.••— BdhUmrgk  Mtdkml  J  *um+L 

LOUDON :  EXETER  STREET,  STRAND. 
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Pocket  Size.     Leather.     With  Illustrations.     12s.  6d. 


HYGIENE  (A  Hand-Book  of), 

BY 

SURGEON-MAJOR    A.    M.    DAVIES,    D.P.H.Oamb., 

Late  Assistant-Professor  of  Hygiene,  Army;  Medical  School. 


General  Contents. 

Air  and  Ventilation— Water  and  Water  Supply — Food  and  Dieting — 
Removal  and  Disposal  of  Sewage— Habitations — Personal  Hygiene — Soils 
and  Sites — Climate  and  Meteorology — Causation  and  Prevention  of  Disease 
— Disinfection. 

"This  admirable  haxdbook  .  .  .  gives  fcll  Information  compressed  into  the  smallest 
possible  bulk."— Adm.  Med.  Journal. 


"  The  elegant  dress  of  the  little  volume  before  us  is  but  the  outer  covering  of  a  tbult  kick 
kxbhbl.  and  justly  merits  the  praise  it  spontaneously  calls  forth.  Attractive  to  the  eje,  Surgeon- 
Major  Daviks'  volume  is  equally  attractive  to  the  mind.  Students  will  find  that  its  £00  pages 
comprise  all  information  necessary.  Compact,  hasdt.  compbbiisnsivb,  it  certainly  merits  a 
hJgh  place  among  the  text-books  of  the  day."— Sanitary  Record. 

"  We  are  glad  to  welcome  Surgeon-Major  Davies'  book  ...  he  has  had  ample  opportunity 
to  make  himself  a  mastkb  op  thb  bcibxck,  and  he  has  a  right  to  speak.  .  .  .  Wosdbrfglly 
wbll  dp  to  dats,  well  and  clearly  written,  pleasant  to  read.' —Tike  Lancet. 

"  Really  an  admirable  book.  ...  A  most  habdt  wobk  op  bxfbbbhcb  full  of  information." 
—The  Hospital. 

"  A  singularly  compact  and  elegant  volume  .  .  .  contains  an  admirable  prtcU  of  everything 
relating  to  Hygiene  clsablt  and  logically  abbabgbd  and  easy  of  reference.  Likely,  we  think, 
to  be  the  favourite  text-book."— Public  Health. 


BLEACHING  &  CALICO-PRINTING. 

A   Short   Manual  for   Students   and 
Practical  Men. 

By    GEORGE    DUERB,    F.C.S, 

Lecturer  at  the  Accrington  Technical  School. 

With  Illustrations  and  Printed  Specimens  designed  specially  to  show 
various  Stages  of  the  Processes  described. 

[Oriffin'8  Technological  Manuals. 
LONDON :  EXETER  STREET,  STRAND. 
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w  o  he:  s 

By  J.   R.  AINSWORTH   DAVIS,   B.A., 
raonssoK  or  biology,  university  college,  Aberystwyth. 


ELEMENTARY     BIOLOGY, 

BY 

PROF.   AINSWORTH    DAVIS. 

IN     TWO     PARTS,     SOLD     SEPARATELY. 
PART  I.      Price  8s.  6d. 

VEGETABLE   MORPHOLOGY  AND   PHYSIOLOGY. 

With  Complete  Index- Glossary  and  12%  Illustrations, 
PART  n.      Price  10s.  6cL 

ANIHAL  MORPHOLOGY  AND   PHYSIOLOGY. 

With  Complete  Index- Glossary  and  108  Illustrations, 

"Certainly  the  best  'biology*  with  which  we  are  acquainted.  It  owes  its  pre- 
eminence to  the  fact  that  it  is  an  excellent  attempt  to  present  Biology  to  the  Student  as  a 
correlated  and  complete  scibncb.  The  glossarial  Index  is  a  most  useful  addition."— 
British  Mraica  I  Journal. 

"  Furnishes  a  clear  and  comprehensive  exposition  of  the  subject  in  a  systematic 
form.**—  Saturday  Review. 

"  Literally  packed  with  information.'*— Glasgow  Medical  Journal 


DAVIS  (Prof.  Ainsworth):  THE  FLOWERING 

PLANT,  as  Illustrating  the  First  Principles  of  Botany.     Large  Crown 
8vo,  with  numerous  Illustrations.    3s.  6d.    Second  Edition. 

"  It  would  be  hard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modern  discoveries  in  Botany.  .  .  .  The  scientific  accuracy  of  statement, 
and  the  concise  exposition  of  first  principles  make  it  valuable  for  educational  purposes.  In 
the  chapter  on  the  Physiology  of  Flowers,  an  admirable  risumi  is  given,  drawn  from  Darwin, 
Hermann  MUUer,  Kerner,  and  Lubbock,  of  what  is  known  of  the  Fertilization  of  Flowers. "~ 
Journal  of  the  Linnean  Society. 

DAVIS  and  SELENKA:  A  ZOOLOGICAL 

POCKET-BOOK;  Or,  Synopsis  of  Animal  Classification.     Comprising 
Definitions  of  the  Phyla,  Classes,  and  Orders,  with  Explanatory  Remarks 
and  Tables.      By  Dr.   Emil  Selenka,   Professor  in  the   University  of 
Erlangen.      Authorised    English   translation    from   the   Third   German 
Edition.    In  Small  Post  8vo,  Interleaved  for  the  use  of  Students.     Limp 
Covers,  4s. 
"  Dr.  Selenka's  Manual  will  be  found  useful  by  all  Students  of  Zoology.    It  is  a  compre- 
hensive and  successful  attempt  to  present  us  with  a  scheme  of  the  natural  arrangement  of 
the  animal  world." — Edin.  Med.  Journal. 

"  Will  prove  very  serviceable  to  those  who  are  attending  Biology  Lectures.  .  .  •  Thn 
translation  is  accurate  and  dear."— Lancet. 
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GAS,  OIL,  AND  AIR  ENGINES: 

A  Practical  Text -Book  on   Internal    Combustion   Motors 
without  Boiler. 

By    BRYAN    DONKIN,    M.Inst.CE. 

With  numerous  Illustrations.     Large  8vo,  2 is. 

General  Contents.— Gas  Engines :—  General  Description— History  and  Develop- 
ment— British,  French,  and  German  Gas  Engines— Gas  Production  for  Motive  Power — 
Theory  of  the  Gas  Engine — Chemical  CompoMtion  of  Gas  in  Gas  Engines— Utilisation  of 
Heat — Explosion  and  Combustion.  Oil  Motors  :  —History  and  Development— Various 
Types- Pnestman's  and  other  Oil  Engines.  Hot- Air  Engines  :— History  and  Develop- 
ment—Various  Types :  Stirling's,  Ericsson's,  &c,  &c. 

"The  best  book  now  published  on  Gas,  Oil,  and  Air  Engines.  .  .  .  Will  be  of 
very  great  intersst  to  the  numerous  practical  engineers  who  have  to  make  themselves 
familiar  with  the  motor  of  the  day.  .  .  .  Mr.  Donkin  has  the  advantage  of  long 
practical  experience,  combined  with  high  scientific  and  experimental  knowledge, 
and  an  accurate  perception  of  the  requirements  of  Engineers."—  The  Engineer. 

"The  intelligence  that  Mr.  Bryan  Donkin  has  published  a  Text-book  should  be  good 
news  to  all  who  desire  reliable,  up-to-date  information.  ...  His  book  is  most  timely, 
and  we  welcomed  it  at  first  sight  as  being  just  the  kind  of  book  for  which  everybody  inter* 
ested  in  the  subject  has  been  looking.  .  .  .  We  heartily  recommend  Mr.  Donkin's 
work.  .  .  .  A  monument  of  careful  labour.  .  .  .  Luminous  and  comprehensive.  .  .  • 
Nothing  of  any  importance  seems  to  have  been  omitted.  "—Journal  of  Gas  Lighting, 


INORGANIC  CHEMISTRY  (A  Short  Manual  of). 

BY  A.  DUPRtf,    Ph.D.,  F.R.S.,  AND    WILSON    HAKE, 

Ph.D.#  F.I.C..  F.C.S.,  of  the  Westminster  Hospital  Medical  School. 
Second  Edition,  Revised.      Crown  8vo.      Cloth,  7s.  6d. 

'*  A  well-written,  clear  and  accurate  Elementary  Manual  of  Inorganic  Chemistry.  .  .  '. 
We  agree  heartily  in  the  system  adopted  by  Drs.  Dupre*  and  Hake.  Will  make  Ezra** 
mental  Work  trebly  interesting  because  intelligible."— Saturday  Review. 

"There  is  no  question  that,  given  the  perfect  grounding  of  the  Student  in  his  Science, 
the  remainder  comes  afterwards  to  him  in  a  manner  much  more  simple  and  easily  acquired. 
The  work  is  an  example  of  the  advantages  of  the  Systematic  Treatment  of  a 
Science  over  the  fragmentary  style  so  generally  followed.  By  a  long  way  the  best  of  IB* 
——'I  Manuals  for  Students.  — Analyst. 


HINTS  ON   THE   PRESERVATION   OF  FISH, 

IN    REFERENCE   TO    FOOD    SUPPLY. 
By  J.    COSSAR   EWART,    M.D.,  F.R.S.E., 

Regius  Professor  of  Natural  History,  University  of  Edinburgh. 
In  Crown  8vo.    Wrapper,  6d. 
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Second  Edition,  Revised.     Royal  800.     With  numerous  IUustratkns  and 
13  Lithographic  Plates.      Handsome  Cloth.     Price  30J. 

BRIDGE-CONSTRUCTION 

(A  PRACTICAL  TREATISE  ON): 

Being  a  Text-Book  on  the  Construction  of  Bridges  in 
Iron  and  SteeL 

FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 

BY 

T.  CLAXTON  FIDLER,  M.  INST.  C.E., 

Prof,  of  Engineering,  University  College,  Dundee. 


"Mr.  Fidler's  success  arises  from  the  combination  of  experience  .and 
simplicity  of  treatment  displayed  on  every  page.  .  .  .  Theory  is  kept  in 
subordination  to  practice,  ana  his  book  is,  therefore,  as  useful  to  girder-makers 
as  to  students  of  Bridge  Construction. "— (u The  Architect"  on  the  Second 
Edition.) 

"  Of  late  years  the  American  treatises  on  Practical  and  Applied  Mechanics 
have  taken  the  lead  .  .  .  since  the  opening  up  of  a  vast  continent  has 
given  the  American  engineer  a  number  of  new  bridge- problems  to  solve 
.  .  .  but  we  look  to  the  present  Treatise  on  Bridge-Construction,  and 
the  Forth  Bridge,  to  bring  us  to  the  front  again."— Engineer. 

"  One  of  the  vert  best  recent  works  on  the  Strength  of  Materials  and  its 
application  to  Bridge-Construction.  .  .  .  Well  repays  a  careful  Study.*' — 
Engineering. 

"An  dsdispensable  handbook  for  the  practical  Engineer.  "—Nature. 

"  An  admirable  account  of  the  theory  and  process  of  bridge-design,  at  onok 
scientific  and  thorocohlt  practical.  It  is  a  book  such  as  we  have  a  right 
to  expect  from  one  who  is  himself  a  substantial  contributor  to  the  theory  of 
the  subject,  as  well  as  a  bridge-builder  of  repute."— Saturday  Review. 

**This  book  is  a  model  of  what  an  engineering  treatise  ought  to  be." — 
Industries. 

"A  scientific  treatise  of  great  merit"— Westminster  Review. 

"Of  recent  text-books  on  subjects  of  mechanical  science,  there  has 
apoeared  no  one  more  able,  exhaustive,  or  useful  than  Mr.  Claxton 
Fidler's  work  on  Bridge-Construction.  *—&»<fraan. 
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ORE  &  STONE  MINING. 

BY 

C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

PROFESSOR   OH  MINING,   ROYAL  COLLBCR  OP   SCIENCE;    H.M.    INSPECTOR  OP   MINES. 

In  Large  8vo.    With  Frontispiece  and  716  Illustrations.    34s. 


"Dr.  Foster's  book  was  expected  to  be  epoch-making,  and  it  fully  justifies  such  expec- 
tation. .  .  .  A  most  admirable  account  of  the  mode  of  occurrence  of  practically  all 
known  minerals.   Probably  stands  unrivalled  for  completeness."—  Tht  Mining  Journal* 

GENERAL  CONTENTS. 

INTRODUCTION.  Mode  of  Occurrence  of  Minerals:  Classification:  Tabular 
Deposits,  Masses — Examples:  Alum,  Amber,  Antimony,  Arsenic,  Asbestos,  Asphalt. 
Barytes.  Borax,  Boric  Acid,  Carbonic  Acid,  Clay,  Cobalt  Ore,  Copper  Ore,  Diamonds, 
Flint,  Freestone,  Gold  Ore,  Graphite,  Gypsum,  Ice,  Iron  Ore,  Lead  Ore,  Manganese 
Ore,  Mica,  Natural  Gas,  Nitrate  of  Soda,  Ozokerite,  Petroleum,  Phosphate  of  Lime 
Potassium  Salts,  Quicksilver  Ore,  Salt,  Silver  Ore,  Slate,  Sulphur,  Tin  Ore,  Zinc  Ore. 
Faults.  Prospecting:  Chance  Discoveries  —  Adventitious  Finds  —  Geology  as  a 
Guide  to  Minerals— Associated  Minerals— Surface  Indications.  Boring:  Uses  ot 
Bore-holes— Methods  of  Boring  Holes:  i.  By  Rotation,  ii.  By  Percussion  with  Rods, 
iii.  By  Percussion  with  Rope.  Breaking  Ground:  Hand  Tools— Machinery- 
Transmission  of  Power— Excavating  Machinery :  i.  Steam  Diggers,  ii.  Dredges, 
iii.  Rock  Drills,  iv.  Machines  for  Cutting  Grooves,  v.  Machines  for  Tunnelling — 
Modes  of  using  Holes— Driving  and  Sinking— Fire-setting— Excavating  by  Water. 
Supporting  Excavations :  Timbering—  Masonry— Metallic  Supports— Watertight 
Linings— Special  Processes.  Exploitation:  Open  Works:— Hydraulic  Mining- 
Excavation  of  Minerals  under  Water— Extraction  of  Minerals  by  Wells  and  Bore- 
holes—Underground W  orkings— Beds— Veins— Masses.  Haulage  or  Transport: 
Underground:  by  Shoots,  Pipes,  Persons,  Sledges,  Vehicles,  Railways,  Machinery. 
Boats— Conveyance  above  Ground.  Hoisting  or  Winding:  Motors,  Drums,  and 
Pulley  Frames— Ropes,  Chains,  and  Attachments— Receptacles— Other  Appliances — 
Safety  Appliances— Testing  Ropes— Pneumatic  Hoisting.  Drainage:  Surface  Water 
—Dams— Drainage  Tunnels— Siphons— Winding  Machinery— Pumping  Engines 
Above  ground — Pumping  Engines  below  ground— Co-operative  Pumping.  Ventila- 
tion: Atmosphere  of  Mines— Causes  of  Pollution  of  Air— Natural  Ventilation — 
Artificial  Ventilation  :  i.  Furnace  Ventilation,  ii.  Mechanical  Ventilation— Testing 
the  Quality  of  Air— Measuring  the  Quantity  and  Pressure  of  the  Air—  Efficiency  of 
Ventilating  Appliances  —  Resistance  caused  by  Friction.  Lighting:  Reflected 
Daylight — Candles— Torches— Lamps— Wells  Light— Safety  Lamps— Gas— Electric 
Light.  Descent  and  Ascent :  Steps  and  Slides—  Ladders—  Buckets  and  Cages—  Man 
Engine.  Dressing:  i.  Mechanical  Processes:  Washing,  Hand  Picking,  Breaking 
Up,  Consolidation,  Screening  — ii.  Processes  depending  on  Physical  Properties: 
Motion  in  Water,  Motion  in  Air— Desiccation— Liguefaction  and  Distillation — 
Magnetic  Attraction— iii.  Chemical  Processes :  Solution,  Evaporation  and  Crystal- 
lisation, Atmospheric  Weatherine,  Calcination,  Cementation,  Amalgamation— Ap- 
plication of  Processes— Loss  in  Dressing— Sampling.  Principles  of  Employment 
of  Mining  Labour :  Payment  by  Time,  Measure,  or  Weight— By  Combination  of 
these  — By  Value  of  Product.  Legislation  affecting  Mines  and  Quarries: 
Ownership— Taxation— Working  Regulations— Metalliferous  Mines  Regulation  Acts 
—Coal  Mines  Regulation  Act— Other  Statutes.  Condition  of  the  Miner :  Clothing 
—Housing— Education— Sickness— Thrift— Recreation.  Accidents:  Death  Rate  of 
Miners  from  Accidents— Relative  Accident  Mortality  Underground  and  Above- 
ground— Classification  of  Accidents— Ambulance  Training. 

"This  epoch-making  work  .  .  .  appeals  to  men  op  experience  no  less  than  to 
students  .  .  .  gives  numerous  examples  from  the  mining  practice  of  every  country. 
Many  of  its  chapters  are  upon  subjects  not  usually  dealt  with  in  text  books.  ...  Of 
great  interest.    .    .     .    Admirably  illustrated."— Bern-  und  HUttenm&nwtche  Zeitung, 

"This  splendid  work."— Oesierr.  Ztukrfi.  fi&r  Berg-  und HUttenwesen. 
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Second  Edition  (for  1895).     Shortly. 
Cloth,  for  Office  use,  8s.  6d.     Leather,  for  the  Pocket,  8s.  6d. 

GRIFFIN'S  ELECTRICAL  PRICE-BOOK. 

FOR  THE   USE  OF 

Electrical,   Civil,  Marine,  and  Borough  Engineers,  Local 
Authorities,  Architects,  Railway  Contractors,  &&,  && 

EDITED  BY 

H.    J.    DOWSING, 

Member  of  the  Institution  of  Electrical  Engineers;  of  the  Society  of  Arts;  of  the  London 
Chamber  of  Commerce,  cW. 

GENERAL  CONTENTS. 
Part  I.— PRICES  AND  DETAILS  OF  MACHINERY  AND  APPARATUS. 
PART  II.— USEFUL  INFORMATION  CONCERNING  THE  SUPPLY  OF 
ELECTRICAL  ENERGY;  Complete  Estimates;    Reports,   Rules  and  Regu- 
lations, Useful  Tables,  &c. ;  and  General  Information  regarding  the  carrying  out 
of  Electrical  Work. 

"  The  Electrical  Prick-Book  removes  all  mystery  about  the  cost  of  Electrical 
Power.  By  its  aid  the  expense  that  will  be  entailed  by  utilising  electricity  on  a  large  or 
small  ssale  can  be  discovered.  .  .  .  Contains  that  sort  of  information  which  is  most  often 
required  in  an  architect's  office  when  the  application  of  Electricity  is  being  considered."— 
Architect. 

"The  value  of  this  Electrical  Price-Book  cannot  be  over-estimated.  .  .  .  Will 
save  time  and  trouble  both  to  the  engineer  and  the  business  man.**— Machinery. 


GRIFFIN  (John  Joseph,  F.CS.)  : 

CHEMICAL  RECREATIONS:  A  Popular  Manual  of  Experimental 
Chemistry.  With  540  Engravings  of  Apparatus.  Tenth  Edition.  Crown 
8vo.     Cloth.     Complete  in  one  volume,  cloth,  gilt  top,  12/6. 

Part    I.— Elementary  Chemistry,  2/. 

Part  II.— The  Chemistry  of  the  Non-Metallic  Elements,   10/6. 


GURDEN  (Richard  Lloyd,  Authorised  Surveyor 

for  the  Governments  of  New  South  Wales  and  Victoria) : 

TRAVERSE  TABLES:  computed  to  Four  Places  Decimals  for  every 
Minute  of  Angle  up  to  100  of  Distance.  For  the  use  of  Surveyors  sad 
Engineers.  Third  Edition.  Folio,  strongly  half-bound,  21/. 
%•  Published  with  Concurrence  of  the  Surveyors- General  for  New  South 
Wales  and  Victoria. 
"Those  who  have  experience  in  exact  Survey-work  will  best  know  how  to  appreciate 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  and  this  by  reference  to  but  One  Table,  in  place  of  the  usual  Fifteen 
minute  computations  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
mm  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  each 
■smUsiii  i.  lew  knowing  of  their  publication  will  remain  without  thtmS—Enfmeer. 
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Applied  Mechanics, 
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Marine  Engineering, 
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Graphic  Tables  for  Con- 
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Griffin's  Standard   Publications 

TOB 

GEOLOGISTS,  MINE-MANAGERS,  AND  METALLURGISTS. 


Geology  (Stratigraphical), 
„     (Physical),  . 
„     (Practical),  . 
„     (Introduction  to), 

Mine-Surveying, 

Mining,  Coal, 

„      Ore  and  Stone, 

Blasting  and  Explosives, 

Assaying,    . 

Metallurgy, 

„    (Introduction  to) 
„    (Elementary), 

Copper,  Metallurgy  of, 

Gold,  „ 

Iron  and  Steel,  „ 

Alloys; 


R.  Ethebidgk, 
Prof.  Seelet, 
Prop.  Oole, 

B.  H.  Brough, 
H.  W.  Hughes,. 
Prop.  Le  Neve  Foster, 
o.  guttmann,    . 

C.  k  J.  J.  Beringer, 
Phillips  and  Bauermah, 
Prop.  Roberts-Austen, 
Prop.  Sexton,     . 
Thos.  Gibb, 
T.  K.  Rose, 
Prop.  Turner,    . 
Prof.  Roberts-Austen, 


PAGE 

27 
27 
10 
10 

8 
21 
16 
20 

6 
28 
35 
40 
35 
37 
43 
35 


Griffin's  "Health"  Publications. 


Ambulance, 
Disinfection  and  Disinfec- 
tants, 
First  Aid  at  Sea, 
Foods  and  Poisons, . 
Hygiene,    . 
Practical  Sanitation, 
Sewage  Disposal  Works, 


Consumption, 


Dr.  Riddeia,      . 

Dr.  Rideal, 
Dr.  Johnson  Smith,  . 
A.  Wynter  Blyth,    . 
Surgeon-Major  Davibs, 
Dr.  Geo.  Reid,  . 
Santo  Crimp, 


34 

33 
34 
7 
12 
33 
11 


Hygienic    Prevention    Of      (Dr.    Squire.       [See    Medical 


\         Catalogue.} 
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Griffin's  Chemical  and  Technological  Publications. 


Chemistry  for  Engineers, 
Builders,  and  Manu- 
facturers, 

Agricultural  Chemistry, 

Bleaching   and    Calico 
Printing, 

Cements, 

Dairy  Chemistry, 

Disinfectants,    . 

Dyeing, 

>» 

Electro-Metallurgy, 

Foods,  Analysis  of, 
Gas  Manufacture, 
Oils,  Soaps,  Candles, 


MM.  Blount  and  Bloxam,    5 
Prof.  J.  M.  H.  Munbo,      2S 


Geo.  Duebr, 

12 

G.  R  Redgrave, 

30 

H..D.  Richmond, 

32 

Dr.  Rideal, 

3* 

MM.  Knecht  and  Rawson,  24 
G.  H.  Hurst,  .  .  22 
W.  G.  M'Millan,  .  25 
Wynter  Blyth,  .  T 

W.  Atkinson  Butterfield,  9 
Dr.  Alder  Wright,  .  44 
Painters'  Colours,  Varnishes,  G.  H.  Hurst,  .  .  22 
Petroleum,  .  MM.  Redwood  and  Holloway,  31 

Photography,     ...        A.  Brothers,      .        .  & 

Poisons,  Detection  of,  Wynter  Blyth,        .        ? 

Textile  Printing,  .        Seymour  Rothwell,  .        3ft 

In  Large  Svo,  with  Illustrations  and  Folding-Plates.     ior.  6a\ 

BLASTINGS: 

A  Handbook  for  the  Use  of  Engineers  and  others  Engaged  in 
Mining,  Tunnelling,  Quarrying,  &c 

By  OSCAR  GUTTMANN,  Assoc  M.  Inst.  GE. 

Member  of  the  Societies  of  Civil  Engineers  and  Architects  of  Vienna  and  Budapest, 
Corresponding  Member  of  the  Imp,  Roy,  Geological  Institution  oj Austria,  &*c. 

General  Contents.— Historical  Sketch— Blasting  Materials— Blasting  Pow- 
der— Various  Powder-mixtures — Gun-cotton— Nitro-glycerine  and  Dynamite- 
Other  Nitro-compounds — Sprengel's  Liquid  (acid)  Explosives— Other  Means  of 
Blasting — Qualities,  Dangers,  and  Handling  of  Explosives — Choice  of  Blasting 
Materials— Apparatus  for  Measuring  Force — Blasting  in  Fiery  Mines — Means  of 
Igniting  Charges — Preparation  of  Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Charging  of  Bore-holes — Determination  of  the  Charge — Blasting  in  Bora- 
holes — Firing — Straw  and  Fuze  Firing — Electrical  Firing:— Substitutes  for  Electrical 
Firing — Results  of  Working — Various  Blasting  Operations — Quarrying — Blasting 
Masonry,  Iron  and  Wooden  Structures — Blasting  in  earth,  under  water,  of  ice,  &c 

"This  admirable  work.**— Colliery  Guardian. 

"Should  prove  a  vade-mecum  to  Mining  Engineers  and  all  engaged  in  practical  wetk." 
-Iron  and  Coal  Trades  Review. 
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COAL-MINING  (A  Text-Book  of): 

FOR  THE  U8E  OF  COLLIERY  MAN  AGE  R8  AND  0THER8 
ENGAGED  IN  COAL-MINING. 

BY 

HERBERT    WILLIAM    HUGHES,    F.G.S., 

Assoc  Royal  School  of  Mines,  Certificated  Colliery  Manager. 

Second  Edition.    In  Demy  8xw,  Handsome  Cloth.     With  very  Numerous 

Illustrations,  mostly  reduced  from  Working  Drawings,     i&r. 

"The  details  of  colliery  work  have  been  fully  described,  on  the  ground  that 

collieries  are  more  often  made  remunerative  by  perfection  in  small  matters 

than  by  bold  strokes  of  engineering.     ...     It  frequently  happens,  in  particular 

localities,  that  the  adoption  of  a  combination  of  small  improvements,  any  of 

which  viewed  separately  may  be  of  apparently  little  value,  turns  an  unprofitable 

concern  into  a  paying  one." — Extract  from  Author's  Preface. 

GENERAL    CONTENTS. 

Geology:  Rocks  -Faults— Order  of  Succession— Carboniferous  System  in  Britain. 
Goal :  Definition  and  Formation  of  Coal—  Classification  and  Commercial  Value  of  Coals. 
Seaxoh  for  Goal :  Boring— various  appliances  used— Devices  employed  to  meet  Difficulties 
of  deep  Boring— Special  methods  of  Boring— Mather  &  Piatt's,  American,  and  Diamond 
systems— Accidents  in  Boring— Cost  of  Boring— Use  of  Boreholes.  Breaking  Ground; 
Tools— Transmission  of  Power:  Compressed  Air,  Electricity— Power  Machine  Drills — Coal 
Cutting  by  Machinery— Cost  rf  Coal  Cutting— Explosives— Blasting  in  Dry  and  Dusty 
Mines— Blasting  by  Electricity— Various  methods  to  supersede  Blasting.  Sinking: 
Position,  Form,  and  Sixe  of  shaft— Operation  of  getting  down  to  "  Stone-head"— Method  of 
proceeding  afterwards— Lining  shafts— Keeping  out  Water  by  Tubbing— Cost  of  Tubbing— 
g;-ir;«*g  by  Boring— Kind- Chaudron,  and  Lipmann  methods— Sinking  through  Quicksands 
—Cost  of  Sinking.  Preliminary  Operations :  Driving  underground  Roads— Supporting 
Roof:  Timbering,  Chocks  or  Cogs,  Iron  and  Steel  Supports  and  Masonry— Arrangement  of 
Inset.  Methods  of  Working:  Shaft.  Pillar,  and  Subsidence— Bord  and  Pillar  System- 
Lancashire  Method— Longwall  Method— Double  Stall  Method— Working  Steep  Seams- 
Working  Thick  Seams— Working  Seams  lying  near  together— Spontaneous  Combustion. 
Haulage:  Rails— Tubs— Haulage  by  Horses — Self-acting  Inclines— Direct-acting  Haulage 
—Main  and  Tail  Rope— Endless  Chain  -  Endless  Rope—Comparison.  Winding;  Fit 
frames  —  Pulleys— Cages— Ropes— Guides— Engines— Drums— Brakes— Counterbalancing— 
Expansion— Condensation — Compound  Engines— Prevention  of  Overwinding— Catches  at  pit 
top  Changing  Tubs— Tub  Controllers— Signalling  Pumping:  Bucket  and  Plunger 
Pumps— Supporting  Pipes  in  Shaft— Valves — Suspended  lifts  for  Sinking— Cornish  and 
Bull  Engines— Davey  Differential  Engine—  Worthington  Pump— Calculations  as  to  size  of 
Pumps— Draining  Deep  Workings— Dams.  Ventilation:  Quantity  of  air  required— 
Gases  met  with  in  Mines— Coal-dust— Laws  of  Friction— Production  of  Air-currents— 
Natural  Ventilation— Furnace  Ventilation— Mechanical  Ventilators— Efficiency  of  Fans- 
Comparison  of  Furnaces  and  Fans— Distribution  of  the  Air-current— Measurement  of  Air- 
currents.  T lighting:  Naked  Lights—  Safety  Lamps — Modern  Lamps — Conclusions— 
I-ftffr'-f  and  Cleaning  Lamps—  Electric  Light  Underground— Delicate  Indicators.  Works 
at  Surface;  Boilers— Mechanical  Stoking— Coal  Conveyors— Workshops.  Preparation 
Of  dual  far  Market :  General  Considerations— Tipplers— Screens— Varying  the  Sues  made 
fry  Serenas— Belts—  Revolving  Tables— Trading  Shoots— Typical  Illustrations  of  the  arrange- 

t  of  Various  Screening  Establishments— Coal  Washing— Dry  Coal  Cleaning  -Briquettes. 


"Quite  thb  best  book  of  its  kind  ...  as  practical  in  aim  as  a  book  can  be  .  .  . 
teaches  upon  every  point  connected  with  the  actual  working  of  collieries.  The  illustrations 
ere  excellent. M— A  iketumm. 

"  A  Text-book  on  Coal-Mining  is  a  great  desideratum,  and  Mr.  Hughes  posse  am 
admirable  quaufications  for  supplying  it.  .  .  .  We  cordially  recommend  the  work." 
—ColiUry  Guardian. 

"Mr.  Hughes  has  had  opportunities  for  study  and  research  which  fall  to  the  lot  of 
hut  few  men.  If  we  mistake  not,  his  text- hook  will  soon  come  to  be  regarded  as  the 
ETANDAKD  work  of  its  kind."— Birmingham  Daily  GauitU. 

•»•  Net*.— The  first  large  edition  of  this  work  was  exhausted  within  a  few  months  of 
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WORKS  BY  GEORGE  H.  HURST,  F.C.S., 

Member  of  the  Society  of  Chemical  Industry ;  Lecturer  on  the  Technology  of  Painters' 
Colours,  Oils,  and  Varnishes,  the  Municipal  Technical  School,  Manchester. 


PAINTERS' 

COLOURS,  OILS,  AND  VARNISHES: 

A  Practical  Manual. 

With    Numerous    //lustrations,      Price    12s.   6d. 

General  Contents.— Introductory— The  Composition,  Manufacture; 
Assay,  and  Analysis  of  Pigments,  White,  Red,  Yellow  and  Orange,  Green, 
Blue,  Brown,  and  Black— Lakes — Colour  and  Paint  Machinery— Paint  Vehicles 
(Oils,  Turpentine,  &c,  Ac.) — Driers — Varnishes. 

"  This  useful  book  will  prove  most  valuable.  We  feel  bound  to  recommend  it  to  all 
engaged  in  the  arts  concerned."—  Chemical  News. 

"*A  practical  manual  in  every  respect  .  .  .  exceedingly  instructive.  The 
section  on  Varnishes  the  most  reasonable  we  have  met  with."—  Chemist  and  Druggist. 

"  Vsry  valuable  information  is  given. "—Plumber  and  Decerater. 

"  A  thoroughly  practical  book,  .  .  .  constituting,  we  believe,  the  only  English, 
work  that  satisfactorily  treats  of  the  manufacture  of  oils,  colours,  and  pigments." — Chemical 
Trades'  youmal 

"Throughout  the  work  are  scattered  hints  which  are  inyaluaele  to  the  intelligent 
reader. "— Invention. 


BY     THE     SAME     AUTHOR. 

GARMENT 
DYEING    AND   CLEANING. 

A  Practical  Book  for  Practical  Hen. 

With  Numerous  Illustrations,    4s.  6d. 

General  Contents.— Technology  of  the  Textile  Fibres — Garment  Cleaning 
— Dyeing  of  Textile  Fabrics — Bleaching — Finishing  of  Dyed  and  Cleaned  Fabrics — 
Scouring  and  Dyeing  of  Skin  Rugs  and  Mats — Cleaning  and  Dyeing  of  Feathers- 
Glove  Cleaning  and  Dyeing — Straw  Bleaching  and  Dyeing— -Glossary  of  Drugs 
and  Chemicals — Useful  Tables. 

"  An  up-to-datb  hand  book  has  long  been  wanted,  and  Mr.  Hurst,  who  has  produced 
several  admirable  works,  has  done  nothing  more  complete  than  this.  An  important  work, 
the  more  so  that  several  of  the  branches  of  the  craft  here  treated  upon  are  almost  entirely 
without  English  Manuals  for  the  guidance  of  workers.  The  price  brings  it  within  the  reach 
of  all.*— Dyer  and  Calico-Printer. 

"  Mr.  Hursts  work  decidedly  pills  a  want  .  .  .  ought  to  be  in  die  hands  of 
■wry  garment  OVER  and  cleaner  in  the  Kingdom."—  Textile  Mercury. 
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'WORKS     SIT 
ANDREW  JAMIESON,  M.Inst.CE.,  M.I.E.E.,  F.R.S.E., 

Professor  of  Electrical  Engineering  The  Glasgow  and  West  of  Scotland 
Technical  College. 


PROFESSOR  JAMIESON'S  ADVANCED  MANUALS. 

In  Large  Crown  &vo.     Fully  Illustrated. 

1.  STEAM   AND   STEAM-ENGINES   (A  Text-Book  on). 

For  the  Use  of  Students  preparing  for  Competitive  Examinations. 
With  over  200  Illustrations,  Fo'ding  Plates,  and  Examination  Papers. 
Tenth  Edition.    Revised  and  Enlarged,  8/6. 

M  Professor  Jamieson  fascinates  the  reader  by  his  clearness  or  conception  and 
simplicity  op  expression.     His  treatment  recalls  the  lecturing;  of  Faraday. "—A  thenmum. 

"  The  Best  Book  yet  published  for  the  use  of  Students."— Engineer. 

"  Undoubtedly  the  most  valuable  and  most  complete  Hand-book  on  the  subject 
that  now  exists."— Marine  Engineer. 

2.  MAGNETISM  AND  ELECTRICITY  (An  Advanced  Text- 

Book  on).     Specially  arranged  for  Advanced  and  "  Honours  "  Students. 

3.  APPLIED  MECHANICS  (An  Advanced  Text-Book  on). 

Vol.  I. — Comprising  Part   I. :  The  Principle  of  Work  and  its  appli- 
cations ;  Part  II. :  Gearing.     Price  7s.  6d.  [Now  ready. 

Vol.  II. — Comprising  Parts  III.  to  VI. :  Motion  and  Energy;  Strength 
of  Materials;  Graphic  Statics;  Hydraulics  and  Hydraulic  Machinery. 

[In  active  preparation. 

PROFESSOR  JAMIESON'S  INTRODUCTORT  MANUALS. 

In   Crown  8w,    Cloth.      With  ve*y  numerous  /Illustrations  and 
Examination  Papers. 

1.  STEAM  AND  THE  STEAM-ENGINE  (Elementary  Text- 

Book  on).  Specially  arranged  for  First- Year  Students.  FOURTH 
Edition.    3/6. 

"Quite  the  right  sort  ok  book."— Engineer. 

"Should  be  in  the  hands  of  every  engineering  apprentice.*"— Practical  Engineer. 

2.  MAGNETISM  AND  ELECTRICITY  (Elementary  Text- 

Book  on).  Specially  arranged  for  First- Year  Students.  Third 
Edition.    3/6. 

•*  A  capital  text-book  .  .  .  The  diagrams  are  an  important  feature."— Schoolmaster. 

"A  thoroughly 'trustworthy  Text-book.  .  .  .  Arrangement  as  good  as  well 
can  be.  .  .  .  Diagrams  are  also  excel  ent.  .  .  The  subject  throughout  treated  as  an 
essentially  practical  one,  and  very  clear  instructions  given. * — Nature. 

3.  APPLIED  MECHANICS  (Elementary  Text-Book  on). 

Specially  arranged  for  First- Year  Students.     Second  Edition.     3/6. 

"  Nothing  is  taken  for  granted.  .  .  .  The  work  has  very  high  qualities,  which 
snay  be  condensed  into  the  one  word  'clear.'  "Science  and  Art. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

FOR  THE  USE  OF  ELEL  TRtClANS  AND  ENGINEERS. 

Pocket  Size.     Leather,  8s.  6d.     Eleventh  Edition^  revised  and  enlarged. 

(See  under  Munro  and  Jamieson. ) 
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**  The  moot  valuable  and  useful  work  on  Dyeing  that  has  yet  appeared  In  the  English 
language  .  .  .  likely  to  be  thb  Stakdard  Work  of  Refbrkhcb  for  yean  to  oo«6.n- 
TextUt  Mtratty. 

jj?j£42  Ip  Tw0  k^E6  8v0  Volumes,  920 
pp.,  with  a  SUPPLEMENTARY 
Volume,  containing  Specimens 
of  Dyed  Fabrics.  Handsome 
Cloth,  45s. 


MANUAL  OF  DYEING: 

FOR  THE  USE  OF  PRACTICAL  DYERS,  MANUFACTURERS,  STUDENTS, 
AND  ALL  INTERESTED  IN   THE  ART  OF  DYEING. 

BY 

E.  KNECHT,  Ph.D.,  F.LC,  CHR.  RAWSON,  F.I.C.,  F.C.S., 

Head  of  the  GbamktiT  and  Dretnr  Deportment  of        Lata  Heed  of  the  Chemietrjand  Dyatnf  DepatKont  for 
ffc*  tOefcaioel  School,  Mancheeter;  Editor  of  ^The        the  Technical  College.  Bradford  ;  Homier  of  CoojaoU 
#eexaa1ofthe8ooletyofI>irenaadColourl>te;M  of  theBoeietjtd  Dyers  and  OoloaiistB; 

And  RICHARD  LOEWENTHAL,  Ph.D. 


General  Contents.— Chemical  Technology  of  the  Textile  Fabrics- 
Water — Washing  and  Bleaching  —  Acids,  Alkalies,  Mordants  —  Natural 
Colouring  Matters— Artificial  Organic  Colouring  Matters— Mineral  Colours 
—Machinery  used  in  Dyeing— Tinctorial  Properties  of  Colouring  Matters — 
Analysis  and  Valuation  of  Materials  used  in  Dyeing,  <zc.v  &c. 

44  This  most  valuable  work    .        .    will  be  widely  appreciated.**— Ckemicml  Nan. 

"  This  authoritative  aod  exhaustive  work  ...  the  most  complete  we  have  yet  seen 
on  the  subject."— Textile  Manufacturer. 

"  The  most  exhaustive  and  complete  work  on  the  subject  extant"—  Textile  Recorder. 

44  The  distinguished  authors  have  placed  in  the  hands  of  those  daily  engaged  in  the  dye- 
house  or  laboratory  a  work  of  extreme  value  and  undoubted  uthjtt  .  .  .  appeals 
quiokly  to  the  technologist,  colour  chemist,  dyer,  and  more  particularly  to  the  rising  dyer 
of  thepresent  generation.    A  book  which  it  is  refreshing  to  meet  with.14— American  Textile 
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ELECTRO-METALLURGY  (A  Treatise  on): 

Embracing  the  Application  of  Electrolysis  to  the  Plating,  Depositing, 
Smelting,  and  Refining  of  various  Metals,  and  to  the  Repro- 
duction of  Printing  Surfaces  and  Art- Work,  Ac. 

By   WALTER  G.    M'MILLAN,   F.I.C.,   F.C.S., 

Lecturer  on  Metallurgy ,  Mason  College,  Birmingham. 
With  numerous  Illustrations.    Large  Crown  8vo.    Cloth  10s.  6dL 


General  Contents. — Introductory — Sources  of  Currant— General  Condition 
to  be  observed  in  Electro- Plating— Plating  Adjuncts  and  Disposition  of  Plant — 
Cleansing  and  Preparation  of  Work  for  the  Depositing- Vat,  and  Subsequent  Polishing 
of  Plated  Goods — Electro-Deposition  of  Copper—  Etectrotrping — Electro-Deposition 
<of  Silver — of  Gold— of  Nickel  and  Cobalt— or  Iron — of  Platinum,  Zinc,  Cadmium, 
Tin,  Lead,  Antimony,  and  Bismuth;  Electro-chromj— Electro- Deposition  of  Alloys— 
Electro-Metallurgical  Extraction  and  Refining  Processes  —  Recovery  of  certain 
Metals  from  then*  Solutions  or  Wsste  Substances— Determination  of  the  Proportion 
•of  Metal  in  certain  Depositing  Solutions— Appendix 

"This  excellent  treatise,  .  .  .  one  of  the  best  and  most  complete 
manuals  hitherto  published  on  Electro-Metallurgy." — Electrical  Review. 

"  This  work  will  be  a  standard."— Jeweller. 

"Any  metallurgical  process  which  reduces  the  cost  of  production 
must  of  necessity  prove  of  great  commercial  importance.  .  •  .  We 
recommend  this  manual  to  all  who  are  interested  in  the  practical 
application  of  electrolytic  processes.1' — Nature. 


Second  Edition.    Enlarged,  and  very  fully  Illustrated.    Cloth,  4*.  6cL 

STEAM  -  BOILERS: 

THEIR    DEFECTS,    MANAGEMENT,    AND    CONSTRUCTION. 
By    R    D.    MUNRO, 

Chief  Engineer  9/ the  Scottish  Batter  Insurance  and  Engine  Inspection  Compamp. 

This  work,  written  chiefly  to  meet  the  wants  of  Mechanics,  Engine- 
keepers,  and  Boiler-attendants,  also  contains  information  of  the  first  import- 
ance to  every  user  of  Steam-power.  It  is  a  practical  work  written  for  prac- 
tical men,  the  language  and  rules  being  throughout  of  the  simplest  nature. 

"  A  raluable  companion  for  workmen  and  engineers  engaged  about  Steam 
Boilers,  ought  to  be  carefully  studied,  and  always  at  hand."—  CoU.  Guardian. 

"  The  subjects  referred  to  are  handled  in  a  trustworthy,  clear,  and  practical 

.nner.     .     .     .     The  book  is  vert  useful,  especially  to    ' 


artisans,  and  young  engineers.1'— Engineer. 


By  the  same  Author. 


KITCHEN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Prevent  their  Occurrence?  A  Practical  Hand- 
book based  on  Actual  Experiment.  With  Diagrams  and  Coloured  Plate, 
Price  3s. 
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MUNRO  k  JAMIESON'S  ELECTRICAL  POCKET-BOOK. 

Eleventh  Edition,  Revised  and  Enlarged. 

A  POCKET-BOOK 

OF 

ELECTRICAL  RULES   &  TABLES 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 
BY 

JOHN  MUNRO,  C.E.,  &  Prop.  JAMIESON,  M.Inst.C.E.,  F.R.S.K. 
With  Numerous  Diagrams.     Pocket  Size.     Leather,  8*.  6d. 


GENERAL      OONTENT8. 


Units  of  Measurement. 

Measures. 

Testing. 

Conductors. 

Dielectrics. 

Submarine  Cables. 

Telegraphy. 

Electro-Chemistry. 

"  Wonderfully  Purser.     .    .     .     Worthy  of  the  highest  < 
five  it." — EltctwictMtt* 

"The  Stbkuno   Value   of  Metsn.    Munro   and  Jamison's   Pockkt-Book 
Electrical  Rrvm. 


Electro-Metallurgy. 

Batteries. 

Dynamos  and  Motors. 

Transformers. 

Electric  Lighting 

Miscellaneous. 

Logarithms. 

Appendices. 


MUNRO  (J.  M.  H.,  D.Sc,  Professor  of  Chemistry, 

Downton  College  of  Agriculture): 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS:   A  Prac 
tical  Hand- Book  for  the  Use  of  Agricultural  Students. 


NYSTROMS  POCKET-BOOK  OF  MECHANICS 

AND  ENGINEERING.  Revised  and  Corrected  by  W.  Dennis  Marks, 
Ph.B.,  C.E.  (yale  S.S.S.),  Whitney  Professor  of  Dynamical  Engineering^ 
University  of  Pennsylvania.  Pocket  Size.  Leather,  15s.  Twentieth 
Edition,  Revised  and  greatly  enlarged. 
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SCIENTIFIC  AND  TECHNOLOGICAL  WORKS.  *7 

Demy  Svo,  Handsome  cloth,  18s. 

Physical  Geology  and  Palaeontology, 

0JV    THE   BASIS    OF  PHILLIPS. 

BT 

HARRY    GOVIER    SEELEY,    F.R.S., 

FBOFBSSOR  OF  GBOGBAFHY  IN  KING'S  COLLEGE,  LONDON. 

TOftb  ffrontteptece  in  Gbromo*XttbO0tapb&  *nb  SlltiBtratfon*. 

u  It  is  impossible  to  praise  too  highly  the  research  which  Professor  Seeley's 
1  Physical  Geology  '  evidences.  It  is  far  more  than  a  Text- book— it  is 
a  Directory  to  the  Student  in  prosecuting  his  researches. "— PttsuUntial  Ad- 
dress to  the  Geological  Society,  1885,  by  Rev.  Prof.  Bonney,  D.Sc. ,  LL.D.,  F.R.S. 

"  Professor  Seeley  maintains  in  his  *  Physical  Geology  '  die  high 
reputation  he  already  deservedly  bears  as  a  Teacher."  —  Dr.  Henry  Wood- 
ward,  F.R.S.,  in  the  "  Geological  Magazine." 

"  Professor  Seeley's  work  includes  one  of  the  most  satisfactory  Treatises 
on  Lithology  in  the  English  language.  ...  So  much  that  is  not  accessible 
m  other  works  is  presented  in  this  volume,  that  no  Student  of  Geology  can 
afford  to  .be  without  it." — American  Journal  of  Engineering. 


Demy  Svo,  Handsome  cloth,  84*. 

Stratigraphical  Geology  &  Palaeontology, 

OJV   THE   BASIS    OF  PHILLIPS. 


BT 


ROBERT    ETHERIDGE,    F.R.S, 

*mm  NATURAL  HIST.  DBFARTMBNT.  BRITISH  MUSSUM.  LATE  FALAONTOLOGIST  TO  ' 

GEOLOGICAL  SURVEY  OF  GREAT  BRITAIN,  FAST  PRESIDENT  OF  THE 

GEOLOGICAL  SOCIETY,  ETC. 

TOftb  Aap,  Numerous  Cables,  and  3birt£*0f£  plate* 


##*  Prospectus  of  the  above  important  work— perhaps  the  most  elaborate  of 
its  kind  ever  written,  and  one  calculated  to  give  a  new  strength  to  the  study 
of  Geology  in  Bt  itain — may  be  had  on  application  to  the  Publishers. 


"  No  sack  compendium  of  geological  knowledge  has  ever  been  brought  together  before."— 
WtsmnituUr  Rrvira. 

"  If  Prof.  Seeley's  volume  was  remarkable  for  its  originality  and  (he  breadth  of  its  views, 
Mr.  Bthbeidge  fully  justifies  the  assertion  made  in  his  preface  that  his  book  differs  m  om> 
struction  and  detail  from  any  known  «^t»nai     .    .    .    Most  take  nigh  bank  among  worse 

«*  EEFEEENCE.  m—A  tiutumm. 
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*8  OGARLS8  ORIFFIN  S  CO.'S  PUBLICATIONS. 

Third  Edition.    With  Folding  Plates  and  Many  Illustrations. 
Large  8vo.     Handsome  Cloth.     36s. 

ELEMENTS   OP    METALLURGY* 

A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTING  METALS 

FROM  THEIR  ORES. 

By  J.  ARTHUR  PHILLIPS,  M.Inst.O.K,  F.C.S.,  F.G.S.,  Ac, 

And  H.  BAUERMAN,  V.P.G.S. 


GENERAL     CONTENTS. 


Refractory  Materials. 
Fire-Clays. 
Fuels,  &c. 
Aluminium. 
Copper. 


Antimony. 

Arsenic. 

Zinc. 

Mercury. 

Bismuth. 


Tin.  '        Lead. 


Iron. 

Cobalt 

Nickel 

Silver. 

Gold. 

Platinum. 


*%•  Many  motablk  additions,  dealing  with  new  Processes  and  Developments, 
will  be  found  in  the  Third  Edition. 

"  Of  the  Third  Edition,  we  are  still  able  to  say  that,  as  a  Text-book  of 

Metallurgy,  it  is  the  best  with  which  we  are  acquainted. "— Engineer. 

"  The  value  of  this  work  is  almost  inestimable.  There  can  be  no  question 
-that  the  amount  of  time  and  labour  bestowed  on  it  is  enormous.  .  .  .  Hiere 
is  certainly  no  Metallurgical  Treatise  in  the  language  calculated  to  prove  of 
such  general  utility."— M ining  Journal. 

"  In  this  most  useful  and  handsome  volume  is  condensed  a  large  amount  of 
valuable  practical  knowledge.  A  careful  study  of  the  first  division  of  the  book, 
on  Fuels,  will  be  found  to  be  of  great  value  to  every  one  in  training  for  the 
practical  applications  of  our  scientific  knowledge  to  any  of  our  metallurgical 
operations.1*— A  therueum. 

K  A  work  which  is  equally  valuable  to  the  Student  as  a  Text-book,  and  to  the 
practical  Smelter  as  a  standard  Work  of  Reference.  .  .  .  The  Illustrations 
are  admirable  examples  of  Wood  Engraving.*'— Chemical  Newt. 


POYNTING  <J.  H.,  Sc.D.,  F.R.S.,  late   Fellow 

of  Trinity  College,  Cambridge ;   Professor  of  Physics,   Mason  College, 

Birmingham) : 

THE    MEAN    DENSITY    OF    THE    EARTH:    An    Essay   to 

which  the  Adams  Prize  was  adjudged  in   1893  in  the  University  of 

Cambridge.     In  large  8vo,  with  Bibliography,  Illustrations  in  the  Text, 

and  seven  Lithographed  Plates.     12s.  od. 

"An  account  of  this  subject  cannot  fall  to  be  of  orb  at  and  qshbbal  ihtbrbov  to  the  scientific 
mind.  Especially  It  this  trie  case  when  the  account  is  given  by  one  who  has  contributed  so 
considerably  as  has  Prof.  Poyntlng  to  our  present  state  of  knowledge  with  respect  to  a  very 
difficult 1  subject.    .    .    .    Remarkably  has  Newton's  estimate  been  verified  by  Prof.  Poyuilng,"— 

POYNTING  and  THOMSON:  TEXT-BOOK 

OF  PHYSICS.     (See  under  Thomson). 
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WORKS     BY 

J.  MACQUORN  RANKINE,  LL.D.,  F.R.S., 

Late  Regius  Professor  of  Ctotl  Engineering  In  the  University  of  Glasgow. 
THOROUGHLY  REVISED  BY 

W.     J.     MIL  LAB,     C.E., 

Secretary  to  the  Institute  of  Engineers  and  Shipbuilders  In  Scotland. 


I.  A  MANUAL  OF  APPLIED  MECHANICS : 

Comprising  the  Principles  of  Statics  and  Cinematics,  and  Theory  of 
Structures,  Mechanism,  and  Machines.  With  Numerous  Diagrams. 
Crown  8vo,  cloth,  12s.  6d.     Fourteenth  Edition. 

II.  A  MANUAL  OF  CIVIL  ENGINEERING: 

Comprising  Engineering  Surreys,  Earthwork,  Foundations,  Masonry,  Car- 
pentry, Metal  Work,  Roads,  Railways,  Canals,  Rivers,  Waterworks, . 
Harbours,  &c.     With  Numerous  Tables  and  Illustrations.     Crown  8vo, 
cloth,  16s.    Nineteenth  Edition. 

III.  A  MANUAL  OF  MACHINERY  AND  MILLWORK : 

Comprising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  Illustrated  with  nearly  300  Woodcuts. 
Crown  8vo,  cloth,  12s.  6d.    Seventh  Edition. 

IV.  A  MANUAL  OF  THE  STEAM-ENGINE  AND  OTHER 
PRIME  MOVERS: 

With  Numerous  Tables  and  Illustrations,  and  a  Diagram  of  the  Mechanical 
Properties  of  Steam.    Crown  8vo,  cloth,  12s.  6d.    Thirteenth  Edition. 

V.  USEFUL  RULES  AND  TABLES: 

For  Architects,  Builders,  Engineers,  Founders,  Mechanics,  Shipbuilders, 
Surveyors,  Ac.  With  Appendix  for  the  use  of  Electrical  Engineers. 
By  Professor  Jameson,  F.U.S.E.    Seventh  Edition.     10s.  6d. 

VI.  A  MECHANICAL  TEXT-BOOK: 

A  Practical  and  Simple  Introduction  to  the  Study  of  Mechanics.  By 
Professor  Rankine  and  E.  F.  Bamber,  C.E.  With  Numerous  Illus- 
trations.   Crown  8vo,  cloth,  9s.    Fourth  Edition. 

•*•  The  uMxcBAKioiL  Text-Book**  teas  designed  kg  Professor  Rastow  as  en  Imo- 
oucnos  to  the  above  Series  of  Manuals. 
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So  CHARLES  GRIFFIN  *  OO.'S  PUBLICATIONS. 

Prof.  Rankings  Works— (Co*/****/). 

VII.  MISCELLANEOUS  SCIENTIFIC  PAPERS. 

Royal  8vo.     Cloth,  31s.  6d. 

Part  I.  Papers  relating  to  Temperature,  Elasticity,  and  Expansion  of 
Vapours,  Liquids,  and  Solids.  Part  II.  Papers  on  Energy  and  its  Trans- 
formations.    Part  III.  Papers  on  Wave-Forms,  Propulsion  of  Vessels,  &c. 

With  Memoir  by  Professor  Tait,  M.  A.  Edited  by  W.  J.  Millar,  C.E. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams. 

"  No  more  enduring  Manorial  of  Professor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  in  an  accessible  form.    .    .     .    The  Collection  is  most  valuable  on 
t  of  the  nature  of  bis  discoveries,  and  the  beauty  and  completeness  of  his  analysis. 
The  Volume  exceeds  in  importance  any  work  in  the  same  department  published 
time  "—Architect. 


CALCAREOUS   CEMENTS: 

THEIR  NATURE,  PREPARATION,  AND  USES. 

With    some    Rnmsu*l»    upon    Ctem^nt,    nTesstinrf. 

By  GILBERT  R.  REDGRAVE,  Assoc.  Inst.  C.E. 

With  Illustrations.     8s.  6d. 

General  Contents.— Introduction— Historical  Review  of  the  Cement 
Industry — The  Early  Days  of  Portland  Cement — Composition  of  Portland 
Cement— Processes  of  Manufacture—- The  Washmill  and  the  Backs — 
Flue  and  Chamber  Drying  Processes — Calcination  of  the  Cement  Mixture — 
Grinding  of  the  Cement — Composition  of  Mortar  and  Concrete — Cement 
Testing  —  Chemical  Analysis  of  Portland  Cement,  Lime,  and  Raw 
Materials  —  Employment  of  Slags  for  Cement  Making  —  Scott's  Cement, 
Selenitic  Cement,  and  Cements  produced  from  Sewage  Sludge  and  the 
Refuse  from  Alkali  Works  —  Plaster  Cements  —  Specifications  for  Portland 
Cement — Appendices  (Gases  Evolved  from  Cement  Works,  Effects  of  Sea- 
water  on  Cement,  Cost  of  Cement  Manufacture,  &c,  &c.) 

**|A  work  calculated  to  be  of  qbbat  and  sxtbwdbd  utility  r— Chemical  News. 

"  Invaluable  to  the  Student,  Architect,  and  Engineer. "—Building  Newt. 

•4  A  work  of  the  greatest  xmtbeeet  and  usbtclhess,  which  appears  at  a  very  critical 
period  of  the  Cement  Trade."— Brit.  Trad*  Journal 

"*•  Will  be  useful  to  all  Interested  in  the  haxufactuob,  use,  and  testing  of  Cements.'— 
Engineer. 
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PETEOLEUM: 

A  Treatise  on  the  Geographical  Distribution,  Geological 

Occurrence,  Chemistry,  Production,  and  Refining  of 

Petroleum;  its  Testing,  Transport,  and  Storage, 

and  the  Legislative  Enactments  relating 

thereto ;  together  with  a  description 

of  the   Shale  Oil   Industry. 


BOVERTON    REDWOOD,    F.R.S.E.,    F.I.C., 
Assoc.   Inst.   C.E., 

Hon.  Con-.  Mem.  of  the  Imperial  Russian  Technical  Society;  Mem.  of  the  American  Chemical 

Society ;  Consulting  Adviser  to  the  Corporation  of  London  under  the 

Petroleum  Acts,  Ac,  Ac. 

Assisted   by   GEO.   T.   HOLLOWAY,   F.I.O., 

Associate,  Royal  Coll.  of  Science. 

In  Two  Volumes,  Large  8uo.,  Handsome  Cloth. 

IWUtb  numerous  Aap*,  plates,  and  SUuetratfon*  in  tbe  Geit 


GENERAL    CONTENTS. 


I.  General  Historical  Account  of 

the  Petroleum  Industry. 
n.  Geological    and     Geographical 
Distribution  of  Petroleum  and 
Natural  Gas. 
m.  Chemical    and    Physical    Pro- 
perties of  Petroleum. 
IV.  Origin  of  Petroleum  and  Natural 

Gas. 
V.  Production    of    Petroleum, 
Natural  Gas,  and  Osokerite. 
VI.  The  Refining  of  Petroleum. 
TO.  The  Shale  OU  and  Allied  In- 
dustries. 


vm.  Transport,   Storage,  and  Dis- 
tribution of  Petroleum. 

IX.  Testing  of  Petroleum. 

X.  Application    and    Uses    of 
Petroleum. 

XI.  Legislation  on  Petroleum  at 

Home  and  Abroad. 
XII.  Statistics  of  the  Petroleum 
Production  and  the  Petroleum 
Trade,  obtained  from  the 
most  trustworthy  and  official 
sources. 


*,*  The  Publishers  beg  to  call  the  special  attention  of  all  interested  in  Petroleum  to  this 
work,  by  far  the  most  important  ami  authoritative  that  hat  ever  appeared  upon  an 
Industry  which  la  assuming  vast  proportions  and  developing  dally  In  magnitude. 

Speoul  Features  of  Mr.  Redwood's  Work  are  (I)  the  hitherto  unpublished  de- 
scriptions or  the  TJudbtblopbd  Sol  acts  of  Pbteolbox  in  various  parts  of  tbe  world,  which 
the  author  Is  in  an  exceptionally  favourable  position  to  give;  and  (3)  Rules  for  the  Testtm, 
Tbamfobt,  and  Stobacb  of  Petroleum  -tnese  subjects  are  fully  dealt  with  from  the 
point  of  view  of  Lmulatiom  and  the  Phscaotioms  which  experience  in  this  and  other 
countries  has  shown  to  be  necessary  in  the  interests  of  public  safety. 
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38  CHARLES  GRIFFIN  4  OO.'S  PURLIOA  TI0N8. 

Royal  ioo,  Hmndoomo  Cloth,  26*. 

THE    STABILITY    OF    SHIPS. 

BY 

SIR  EDWARD  J.   REED,   K.C.B.,   F.RS.,   M.P., 

niGRT  Or    THB    IMPBKIAL    ORDERS    OF    ST.    STAN  I  LA  US    Ot    RUSSIA;    FRANCIS    JOSEPH    «ft* 

AUSTRIA;    1IEDJIDIE    OW    TURKEY;    AND    RISING    SUN    OF    JAPAN;    YICS- 

PRRS1DBNT  OF  THE  INSTITUTION  Or  NAVAL  ARCHITECTS. 

With  numerous  Illustrations  and  Tables, 

This  work  has  been  written  for  the  purpose  of  placing  in  the  hands  of  Naval  ConMructora. 
Shipbuilders,  Officers  of  the  Royal  and  Mercantile  Marines,  and  all  Students  of  Naval  Science, 
a  complete  Treatise  upon  the  Stability  of  Ships,  and  u  the  only  work  m  the  KngJiafc 
Language  dealing  exhaustively  with  the  subject. 

In  order  to  render  the  work  complete  for  the  purposes  of  the  Shipbuilder,  whether  at 
home  or  abroad,  the  Methods  of  Calculation  introduced  by  Mr.  F.  K.  Barnes,  Mr.  Gray, 
M.  Rebch,  M.  Daymard,  and  Mr.  Benjamin,  are  all  given  separately,  illustrated  by 
Tables  and  worked-out  examples.  The  book  contains  more  than  aoo  Diagrams,  and  is 
illustrated  by  a  large  number  of  actual  cases,  derived  from  ships  of  all  descriptions,  but 
especially  from  ships  of  the  Mercantile  Marine. 

The  work  will  thus  be  found  to  constitute  the  most  comprehensive  and  exhaustive  Treaties 
hitherto  presented  to  the  Profession  on  the  Science  of  the  Stability  or  Ships. 


"  Sir  Edward  Reed's  '  Stability  or  Ships  '  is  invaluable.  In  it  the  Student,  new 
to  the  subject,  will  find  the  path  prepared  for  him,  and  all  difficulties  explained  with  th* 
utmost  care  and  accuracy ;  the  Ship-draughtsman  will  find  all  the  methods  of  calculation  at 
present  in  use  fully  explained  and  illustrated,  and  accompanied  by  the  Tables  and  Forms 
employed ;  the  Shipowner  will  find  the  variations  in  the  Stability  of  Ships  due  to  diffe 
m  forms  and  dimensions  fully  discussed,  and  the  devices  by  which  the  state  of  his  ships 
all  conditions  may  be  graphically  represented  and  easily  understood ;  the  Naval  Archt 
will  find  brought  together  and  ready  to  his  hand,  a  mass  of  information  which  he  would  other* 
wise  have  to  seek  in  an  almost  endless  variety  of  publications,  and  some  of  which  he  wrmii 
possibly  not  be  able  to  obtain  at  all  elsewhere.'*— Btamrngkif. 

"This  important  and  valuable  work    .    .    .    cannot  bo  too  highly  reooeamended  to 
all  connected  with  shipping  interests." — Iron. 

"This  VERY  IMPORTANT  TREATISE,     ...     the  MOST  INTELLIGIBLE,  INSTRUCTIVE,  and 

complete  that  has  ever  appeared."— Naturt. 

"The  volume  is  an  essential  one  for  the  shipbuilding  pi ofeeaion "—  WtaiminsitT 


RICHMOND  (H.  Droop,  F.C.S.,  Chemist  to  the 

Aylesbury  Dairy  Company) :    * 

DAIRY  CHEMISTRY  FOR  DAIRY  MANAGERS  :   A  Practical 
Handbook.     {Griffin9 s  Technological  Manuals.) 
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GRIFFIN'S    SANITARY    PUBLICATIONS. 


Third  Edition,  Revised.    With  Additional  Illustrations.    Price  6s. 

PRACTICAL  SANITATION: 

A  HAND-BOOK  FOR  8ANITARY  INSPECTORS  AND  OTHERS 

INTERESTED  IN  SANITATION. 

By  GEORGE    REID,   M.D.,   D.P.H., 

Fellow  of  the  Sanitary  Institute  ef  Great  Britain,  and  Medical  Officer, 
Staffordshire  County  Council 

TNUtb  an  append!*  on  Sanitate  Xaw 

By    HERBERT    MAN  LEY,    M.A.,    M.B.,    D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  BromwicK 

General  Contents.— Introduction — Water  Supply:  Drinking  Water, 
Pollution  of  Water— Ventilation  and  Warming  —  Principles  of  Sewage 
Removal  —  Details  of  Drainage  ;  Refuse  Removal  and  Disposal — Sanitary 
and  Insanitary  Work  and  Appliances — Details  of  Plumbers  Work — House 
Construction  —  Infection  and  Disinfection  —  Food,  Inspection  of ;  Charac- 
teristics of  Good  Meat ;  Meat,  Milk,  Fish,  &c,  unfit  for  Human  Food — 
Appendix  :  Sanitary  Law ;  Model  Bye-Laws,  &c. 

M  A  very  useful  Handbook,  with  a  very  useful  Appendix.  We  recommend 
it  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  interested 
in  Sanitary  matters." — Sanitary  Record, 


In  Large  8vo,  Handsome  Cloth.      12s.  6d. 

DISINFECTION    &    DISINFECTANTS 

(Alii  INTRODUCTION  TO   THE  STUDY  OF). 

Together  with  an  Account  of  the  Chemical  Substances  used 
as  Antiseptics  and  Preservatives. 

By  SAMUEL  RIDEAL,  D.ScLond.,  RI.C,  F.C.S., 

Examiner  in  Chemistry  to  the  Royal  College  of  Physicians ;  formerly  Lecturer  in 
Chemistry,  St.  George  s  Hospital  Medical  School,  &c,  &c. 

With  Folding- Plate  and  Illustrations  of  the  most  Approved  Modern 
Appliances. 

%•  "Notwithstanding  the  rapid  development  of  Sanitary  Science  in  this  country,  there  does 
not  exist  at  the  present  time  in  the  English  language  any  book  which  deals  exclusively  with  the 
composition  or  Disinfectaht*.  The  present  volume  will,  therefore,  supply  a  want  which  has 
been  felt  not  only  by  the  chemist  and  bacteriologist,  hut  also  by  those  who  are  concerned  with  the 
practical  work  of  disinfection.    .    .    . 

"  The  laudable  attempts  of  the  Medical  Officers  of  Health  in  some  districts  to  stamp  out  sporadic 
outbreaks  of  infectious  disease  so  soon  as  they  are  notified  to  them,  are  to  a  considerable  extent 
nullified  by  the  slackness  which  obtains  in  neighbouring  areas,  where  a  lavish  display  of  tJirriBTio 
disinfectant  powders  In  the  street  gullies,  and  the  use  or  a  strongly-smelling  or  high-coloured  fluid 
of  unknown  composition,  is  relied  upon  to  satisfy  the  public  demand  for  hygienic  conditions 
of  life. 

"  The  following  pages  may  help  in  discriminating  between  trssrri  disinfection  and  the  futile 
attempts  which  give  a  palsb  pehsb  of  bscdbitt  to  many  localities  in  the  time  of  danger."-* 
Extract  fhom  APthob's  Preface. 

"  A  book  that  has  long  been  wanted  .  .  .  will  prove  of  vzby  obbat  value,"— Local  Govern- 
ment Journal. 
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GBIFFIITS  "FIRST  AID"  PUBLICATIONS. 

Qn  Xanfr. 

Sbcond  Edition.     Large  Crown  Svo.     Handsome  Cloth.     4s. 

A  MANUAL  OF  AMBULANCE. 

By  J.  SCOTT  RIDDELL,  CM.,  M.B.,  M.A., 

Assistant- Surgeon,  Aberdeen  Royal  Infirmary ;  Lecturer  and  Examiner  to  the  Aberdeen 

Ambulance  Allocation ;  Examiner  to  the  St.  Andrew's  Ambulance  Association, 

Glasgow,  and  the  St.  John  Ambulance  Association,  London. 

With  Numerous  I /lustrations  and  Full  Pjage  Plates. 


General  Contents. — Outlines  of  Human  Anatomy  and  Physiology — 
The  Triangular  Bandage  and  its  Uses — The  Roller  Bandage  and  its  Uses 
— Fractures— Dislocations  and  Sprains— Hemorrhage — Wounds — Insensi- 
bility and  Fits — Asphyxia  and  Drowning-  Suffocation— Poisoning— Burns, 
Frost-bite,  and  Sunstroke — Removal  of  Foreign  Bodies  from  (a)  The  Eye ; 
(h) The  Ear;  (c)  The  Nose;  {d)  The  Throat;  (e)  The  Tissues— Ambulance 
Transport  and  Stretcher  Drill— The  After-treatment  of  Ambulance  Patients 
— Organisation  and  Management  of  Ambulance  Classes— Appendix  :  Ex- 
amination Papers  on  First  Aid. 

"A  capital  book.  .  .  .  Tho  directions  are  boost  and  clbar,  and  testify  to  the 
Oand  of  an  able  f  urgeon."— Bdin.  Med.  Journal. 

44  This  little  volume  seems  to  us  about  as  good  as  it  could  possibly  be.  .  .  .  Contains 
practically  every  piece  of  information  necessary  to 'render  First  aid.  .  .  .  Should  And 
its  {lace  in  rvkry  hocskhold  library."— Daily  Chronicle. 

"  So  admirablk  is  this  work,  that  it  is  difficult  to  imagine  how  It  could  be  better.*' — 
Colliery  Guardian. 

Ht  Sea. 

Crown  Svo,  Extra.     Handsome  Cloth.     6$. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR    SHIPMASTERS    AND    OFFICERS 

IN     THE     MERCHANT    NAVT. 

INCLUDING 

FIRST  AID  TO  THE  INJURED. 

By    WM.    JOHNSON    SMITH,    F.R.C.S., 

Principal  Medical  Officer.  Seamen's  Hospital,  Greenwich. 

With  Coloured  Plates  and  Numerous  Illustrations. 

*,*Tne  attont:on  of  all  interested  in  our  Merchant  Navy  is  requested  to  this  exceedingly 
useful  and  valuable  work.  It  is  needless  to  say  that  it  is  the  outcome  of  many  years' 
practical  bxpbrjkkcb  amongst  Seamen. 

"Stanro,  judicious,  rrally  nRLPFUu"—  The  Lancet. 

"It  would  be  difficult  to  find  a  Medical  and  Surgical  Guide  more  clear  and  comprehensive 
than  Mr.  Johnson  Smith,  whose  experience  at  the  Greenwich  Hospital  eminently  qualifies 
him  for  the  task.  .  .  .  A  most  attbactivb  work.  .  .  .  We  have  read  it  from  cover 
to  cover.  ...  It  gives  clearly  written  advice  to  Masters  and  Officers  in  all  medical  and 
surgical  matters  likely  to  come  before  them  when  remote  from  the  land  and  without  a 
doctor.  ...  We  bboomiixnd  the  work  to  evkrt  Shipmaster  and  Officer. "—Liverpool 
Journal  of  Commerce. 
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(Snffhis  lltaalhtrgiral  Stxm. 
STANDARD  WORKS~OF  REFERENCE 

FOR 

Metallurgists,  Mine-Owners,  Assayers,   Manufacturers, 

and  all  interested  in  the  development  of 

the  Metallurgical  Industries. 

EDITED  BY 

W.   C.   ROBERTS-AUSTEN,  C.B.,  F.R.S., 

CHEMIST  AND  ASSAYER  OP  THE  ROYAL  MINT ;  PROFESSOR  OF  METALLURGY  IN 

THE  ROYAL  COLLEGE  OF  SCIENCE. 

In  Large  8w,  Handsome  Cloth.      With  Illustrations. 


VOLUMES    ALREADY    PUBLISHED. 

L  INTRODUCTION  to  the  STUDY  of  METALLURGY. 

By  the  Editor.    Third  Edition.     L2s.  6d. 

"  No  English  text-book  at  all  approaches  this  in  the  completeness  with 
which  the  most  modern  views  on  the  subject  are  dealt  with.  Professor  Austen's 
volume  will  be  invaluable,  not  only  to  tne  student,  but  also  to  those  whose 
knowledge  of  the  art  is  far  advanced." — Chemical  News. 

"  Invaluable  to  the  student.  .  .  .  Rich  in  matter  not  to  be  readily  found 
elsewhere." — Athtncrum. 

"  This  volume  amply  realises  the  expectations  formed  as  to  tne  result  of  the 
labours  of  so  eminent  an  authority.  It  is  remarkable  for  its  originality  of  con- 
ception and  for  the  large  amount  of  information  which  it  contains.  .  .  .  We 
recommend  every  one  who  desires  information  not  only  to  consult,  but  to  study 
this  work." — Engineering. 

"  Will  at  once  take  front  rank  as  a  text-book.  "—Science  and  Art. 

"  Prof.  Roberts-Austen's  book  marks  an  epoch  in  the  history  of  the  teaching 
of  metallurgy  in  this  country." — Industries. 

2.   GOLD   (The    Metallurgy  of).     By  Thos.  Kirke  Rose, 
D.Sc,  Assoc.  R.S.M.,  F.I.C.,  of  the  Royal  Mint.     21s.     (See  p.  37). 

3..  IRON    and  STEEL   (The  Metallurgy  of).     By   Thos. 
Turner,  Assoc R.S.M.,F.I.C.,F.C.S.   Vol.  I.  Iron,  16s.   (Seep.43). 


Witt  be  Published  at  Short  Intervals. 

GOFFER  (The  Metallurgy  of).  By  Thos.  Gibb,  Assoc 
R.S.M.,  F.I.C.,  F.CS. 

METAIiLURGICAI,  MACHINERY :  the  Application  of 
Engineering  to  Metallurgical  Problems.  By  Henry  Charles  Jenkins, 
Wh.Sc.,  Assoc.  R.S.M.,  Assoc. M. Inst. C.E.,  of  the  Royal  Mint. 

ALLOTS.      By  the  Editor. 

*#*  Other  Volumes  in  Preparation. 
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SECOND  EDITION,   Revised  and  Enlarged. 
In  Large   8vo,  Handsome  cloth,  84s. 

HYDRAULIC  POWER 

AND 

HYDRAULIC  MACHINERY. 

BY 

HENRY    ROBINSON,    M.   Inst.  C.E.,  F.G.S., 

pxllow  of  king's  collbgh,  london  ;  ritop.  op  civil  kng1nbkring, 
king's  collkgk,  etc.,  etc. 

TWUtb  numerous  TWIoo&cute,  an&  5fetB*nfne  platen 


Gknkral  Contents. 

Discharge  through  Orifices— Gauging  Water  by  Weirs — Flow  of  Water 
through  Pipes — The  Accumulator— The  Flow  of  Solids— Hydraulic  Presses 
and  Lifts — Cyclone  Hydraulic  Baling  Press — Anderton  Hydraulic  Lift — 
Hydraulic  Hoists  (Lifts)— The  Otis  Elevator— Mersey  Railway  Lilts— City 
and  South  London  Railway  Lifts — North  Hudson  County  Railway  Elevator — 
Lifts  for  Subways — Hydraulic  Ram — Pearsall's  Hydraulic  Engine — Pumping- 
Engines — Three-Cylinder  Engines— Brotherhood  Engine — Rigg's  Hydraulic 
Engine — Hydraulic  Capstans — Hydraulic  Traversers — Movable  Jigger  Hoist — 
Hydraulic  Waggon  Drop — Hydraulic  Jack — Duckham's  Weighing  Machine — 
Shop  Tools — Tweddells  Hydraulic  Rivetter — Hydraulic  Joggling  Press — 
Tweddell's  Punching  and  Shearing  Machine — Flanging  Machine — Hydraulic 
Centre  Crane — Wrightson's  Balance  Crane— Hydraulic  Power  at  the  Forth 
Bridge — Cranes — Hydraulic  Coal-Discharging  Machines — Hydraulic  Drill — 
Hydraulic  Manhole  Cutter — Hydraulic  Drill  at  St.  Gothard  Tunnel — Motors 
with  Variable  Power — Hydraulic  Machinery  on  Board  Ship — Hydraulic  Points 
and  Crossings — Hydraulic  Pile  Driver — Hydraulic  Pile  Screwing  Apparatus — 
Hydraulic  Excavator— Ball's  Pump  Dredger — Hydraulic  Power  applied  to 
Bridges — Dock-gate  Machinery — Hydraulic  Brake — Hydraulic  Power  applied 
to  Gunnery— Centrifugal  Pumps — Water  Wheels — Turfcines— Jet  Propulsion — 
The  Gerard-Barrd  Hydraulic  Railway— Greathead's  Injector  Hydrant — Snell's 
Hydraulic  Transport  System — Greathead's  Shield — Grain  Elevator  at  Frank- 
fort—Packing— Power  Co-operation— Hull  Hydraulic  Power  Company — 
London  Hydraulic  Power  Company — Birmingham  Hydraulic  Power  System 
— Niagara  Falls— Cost  of  Hydraulic  Power — Meters—  Schonheyder's  Pressure 
Regulator — Deacon's  Waste- Water  Meter. 

"  A  Book  of  great  Professional  Usefulness."— Am, 

*«*  TheTSxcovD  Edition  of  the  above  Important  work  has  been  thoroughly  revised  and 
brought  up  to  date.  Many  new  full-page  Plates  hate  been  added — the  number  being 
increased  from  48  in  the  First  Edition  to  «»  In  the  present  Full  Prospectus,  giving  a 
description  of  the  Plates,  may  be  had  on  application  to  the  Publishers. 
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GRIFFIN'S   METALLURGICAL   SERIES. 


THE  METALLURGY  OF  GOLD, 

BY 

T.  KIRKE  ROSE,  D.Sc.,  A.R.S.M.,  F.C.S., 

Assistant  Assay er  of  the  Royal  Mint, 
Large  8vo,  Handsome  Cloth,  Illustrated.    21s. 


LEADING    FEATURES. 

1.  Adapted  for  all  who  are  interested  in  the  Gold  Mining  Industry,  being 
free  from  technicalities  as  far  as  possible ;  of  special  value  to  those  engaged  in 
the  industry— viz.,  mill-managers,  reduction-officers,  &c 

2.  The  whole  ground  implied  by  the  term  "  Metallurgy  of  Gold  "  has  been 
covered  with  equal  care;  the  space  is  carefully  apportioned  to  the  various 
branches  of  the  subject,  according  to  their  relative  importance. 

3.  The  MacAbthub-Fobbkst  Cyanide  Process  is  fully  described  for  the 
first  time.  By  this  process  over  £2,000,000  of  gold  per  annum  (at  the  rate  of)  is 
now  being  extracted,  or  nearly  one-tenth  of  the  total  world's  production.  The 
process,  introduced  in  1887,  has  only  had  short  newspaper  accounts  given  of  it 
previously.  The  chapters  have  been  submitted  to,  and  revised  by,  Mr. 
MacArthur,  and  so  freed  from  all  possible  inaccuracies. 

4.  Among  other  new  processes  not  previously  described  in  a  text- book  an — 
(1)  The  modern  barrel  cblorination  process,  practised  with  great  success  in 
Dakota,  where  the  Black  Hills  district  is  undergoing  rapid  development  owing 
to  its  introduction.  (2)  New  processes  for  separating  gold  from  silver—viz.,  the 
new  Gutzkow  process,  and  the  Electrolytic  process ;  the  cost  of  separation  is 
reduced  by  them  by  one-half. 

5.  A  new  feature  is  the  description  of  exact  methods  employed  in  particular 
extraction  works — Stamp-batteries  of  South  Africa,  Australia,  New  Zealand, 
California,  Colorado,  and  Dakota;  Chlorination  works  also,  in  many  parts  of 
the  world  ;  Cyanide  works  of  S.  Africa  and  New  Zealand.  These  accounts  are 
of  special  value  to  practical  men. 

6.  The  bibliography  is  the  first  made  since  1882. 

"  Dr.  Boss  gained  his  experience  in  the  Western  States  of  America,  bnt  he  hai  secured 
details  of  gold-working  from  all  parts  of  the  world,  and  these  should  be  of  great  srxvicb 
to  practical  men.  .  .  .  The  four  chapters  on  Chlorination,  written  from  the  point  of  view 
alike  of  the  practical  man  and  the  chemist,  term  with  cohiidrratioks  hitherto  urxeoog- 
mised,  and  constitute  an  addition  to  the  literature  of  Metallurgy,  which  will  prove  to  be  of 
classical  value."— Nature. 

"The  most  complete  description  of  the  chlorination  process  which  has  yet  been  published, 
—Mining  Journal. 
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NEW   AND    IMPORTANT   WORK. 


Companion-Volume  to  MM.  Knecht  and  Rawson's  "Dyeing*." 

TEXTILE    PRINTING: 

A  PBACTICAIi   MANUAL. 

Including  the  Processes  Used  in  the  Printing  of 
COTTON,    WOOLLEN,    and    SILK    FABRICS. 


C.  F.  SEYMOUR  ROTHWELL,  F.C.&, 

Mtm.  Soc.  of  Chemical  Industrie* ;  late  Lecturer  at  the  Municipal  Technical  School,  Manchester. 

In  Large  8to,  with  Illustrations  in  the  text  and  Specimens  of  Printed 

Patterns. 


SCHWACKHOFER   and    BROWNE: 

FUEL  AND  WATER:  A  Manual  for  Users  of  Steam  and  Water. 
By  Prof.  FRANZ  SCHWACKHOFER  of  Vienna,  and  WALTER 
R,  BROWNE,  M.A.,  C.E.,  late  Fellow  of  Trinity  College,  r 
Demy  8vo,  with  Numerous  Illustrations,  9/. 

Gcnbral  Contents.— Heat  and  Combustion— Fuel,  Varieties  of— Firing  j 
meats :   Furnace,    Flues,  Chimney  — The  Boiler,  Choice  of— Varieties— Feed-water 
Heaters— Steam  Pipes — Water:  Composition,  Purification— Prevention  of  Scale,  &c,  &c 


'The  Section  on  Heat  is  one  of  the  best  and  most  lucid  ever  written.** — Engineer. 
"  Cannot  fail  to  be  valuable  to  thousands  using;  steam  power."—  BmUwoj  Engh 


SHELTON-BEY  (W.  Vincent,  Foreman  to  the 

Imperial  Ottoman  Gun  Factories,  Constantinople) : 

THE  MECHANIC'S  GUIDE :  A  Hand-Book  for  Engineers  mad 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical  Use. 
Illustrated.     Second  Edition,    Crown  8vo.     Cloth,  7/6. 
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Twelfth  Edition.     Price  21s. 
Demy  8vo,   Cloth.      With  Numerou*  IUuatratiotu,  redumd  from* 
Working  Drawings. 

A    MANUAL    OF 

MARINE  ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.  E.  S E AT 0  N,  M.  Inst.  C.  E.,  M.  Inst  Mech.  E.f 
M.Inst.N.A. 


GENERAL     CONTENTS. 


Part  I.— Principles  of  Marine 
Propulsion. 

Part  II.— Principles  of  Steam 
Engineering. 

Part  III.— Details  of  Marine 
Engines:  Design  and  Cal- 

V  The  Twelfth  Edition  includes  a  New  Chapter  on  Watek-Tube  Boilebs, 
with  Illustrations  of  the  leading  Types. 


dilations  for  Cylinders, 
Pistons,  Valves,  Expansion 
Valves,  &c 

Part  IV. —Propellers. 

Part  V.— Boilers. 

Part  VI.— Miscellaneous. 


"  In  the  three-fold  capacity  of  enabling  a  Student  to  learn  how  to  design,  construct, 
and  work  a  Marine  Steam- Engine,  Mr.  Seaton's  Manual  has  no  rival."—  Timet. 

"The  important  subject  of  Marine  Engineering  is  here  treated  with  the  THOSOOGH- 
NESS  that  it  reouires.  No  department  has  escaped  attention.  .  .  .  Gives  Um 
results  of  raucn  close  study  and  practical  work."— 2&i?sftsert*fl0* 

"  By  far  the  best  Manual  in  existence.  .  .  .  Gives  a  complete  account  of  the 
methods  of  solving,  with  the  utmost  possible  economy,  the  problems  before  the  Marine 
Engineer."— Athenaum. 

"The  Student,  Draughtsman,  and  Engineer  will  find  this  work  the  moot  taluablx 
Handbook  of  Reference  on  the  Marine  Engine  now  in  existence."— Marin*  JEisptsesr. 


Third  Edition.    With  Diagrams.    Pocket-Size,  Leather.    8s.  6d. 
A    POCKET-BOOK    OF 

MARINE  ENGINEERING  RULES  AND  TABLES, 

FOR  THE  USE  OF 

Marine  Engineers,  Naval  Architects,  Designers,  Draughtsmen, 
Superintendents  and  Others. 

BY 

A.  E.  SEAT  ON,  3VI.LC.E.,  M.I.Mech.R,  M.I.N.  A., 

AND 

H.  M.  ROUNTHWAITE,  M.LMech.E.,  M.I.N.A. 

"Admirably  fulfils  its  purpose."— Marin*  Enginter, 
LONDON:  EXETER  STREET,  STRAND. 
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WORKS  BY    A.    HUMBOLDT   SEXTON,   F.I.C.,   F.C.S., 

Professor  of  Metallurgym  the  Glasgow  and  West  of  Scotland  Technical  College. 


In  Large  Crown  8w>,  Handsome  Clolh,  6s. 

ELEMENTARY  METALLURGY 

(A   TEXT-BOOK  OF). 

In  eluding  the  Author's  Practical  Laboratory  Course* 

With  Numerous  Illustrations, 


GENERAL  CONTENTS.— Introduction— Properties  of  the  Metals— Combustion 
— Fuels— Refractory  Materials— Furnaces— Occurrence  of  the  Metals  in  Nature—Pre- 
paration of  the  Ore  for  the  Smelter— Metallurgical  Processes— Iron :  Preparation  of 
Pig  Iron— Malleable  Iron— Steel— Mild  Steel— Copper— Lead— Zinc  and  Tin— Silver 
— Gold— Mercury— Alloys— Applications  of  Electricity  to  Metallurgy— Labora- 
tory Course  with  Numerous  Practical  Exercises. 

m  "  The  volume  before  us  fully  enhances  and  confirms  Prof.  Sexton's  reputa- 
tion. .  .  .  Just  the  kind  of  work  for  Students  commencing  the  study  of  Metal- 
lurgy, or  for  Engineering  Students  requiring  a  general  knowledge  of  it,  or 
for  Engineers  in  practice  who  like  a  handy  work  of  reference.  To  all  three 
classes  we  heartily  commend  the  work." — Practical  Engineer. 

"  Excellently  got-up  and  well- arranged.  .  .  .  Iron  and  copper  welt 
explained  by  excellent  diagrams  showing  the  stages  of  the  process  from  start  to 
finish.  .  .  .  The  most  novel  chapter  is  that  on  the  many  changes  wrought 
in  Metallurgical  Methods  by  Electricity.— Chemical  Trade  Journal. 

'*  Possesses  the  great  advantage  of  giving  a  Course  of  Practical  Work." 
— Mining  Journal. 


Sexton's  (Prof.)  Outlines  of  Quantitative  Analysis. 

FOR  THE  USE  OF  STUDENTS. 

With  Illustrations.    Fourth  Edition.    Crown  8vo,  Cloth,  3s. 

"  A  compact  laboratory  guidr  for  beginners  was  wanted,  and  the  want  has 
been  well  supplied.    ...    A  good  and  useful  book.*' — Lancet. 


Sexton's  (Prof.)  Outlines  of  Qualitative  Analysis. 

FOR  THE  USE  OF  STUDENTS. 

With  Illustrations.    Third  Edition.    Crown  8vo,  Cloth,  3s.  6d. 

"  The  work  of  a  thoroughly  practical  chemist." — British  Medical  Journal. 
"  Compiled  with  great  care,  and  will  supply  a  want."—  Journal  of  Education, 
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In  4to,  Boards.      7a.  6d. 

MEASUREMENT    CONVERSIONS 

(English    and    French) : 

28    GRAPHIC    TABLES    OR   DIAGRAMS. 

Showing  at  a  glance  the  Mutual  Conversion  of  Measurements 
in  Different  Units 

Of  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  Quantities 
of  Work,  Horse  Powers,  Temperatures,  &o. 

For  the  use  of  Engineers,  Surveyors,  Architects,  and  Contractors. 

BY 

ROBERT    HENRY    SMITH,   M. Inst. Mech. Esq., 

Prof,  of  Civil  and  Mech.  Engineering,  Mason  Science  College,  Birmingham. 


%*  Prof.  Smith's  Conversion-Tables  form  the  most  unique  and  com- 
prehensive collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calculation 
diminished.  It  is  believed  that  henceforth  no  Engineer's  Office  will  be 
considered  complete  without  them. 

The  Superiority'  of  the  Graphic  Method  is  shown  by  the  following, 
considerations : — 

1.  It  is  continuous — that  is,  there  is  no  break  or  gap  between  any  one- 
quantity  and  the  next  higher  or  lower  quantity  convertible  by  means  of 
diagrams. 

2.  The  Tables  are  completely  reciprocal.  By  means  of  the  same 
table  conversions  in  both  directions,  from  English  to  French  and  French  to- 
English,  are  equally  possible. 

3.  Conversion  by  the  Graphic  Table  is  found  by  experience  to  be  more 
rapid  and  less  fatiguing  to  the  eye  and  brain. 

4.  After  one  becomes  accustomed  to  the  general  method,  the  Graphio 
Diagram  has  the  advantage  of  giving  to  the  eye  a  pictorial  representation 
of  the  relation  between  the  two  sets  of  magnitudes  compared.  This 
is  not  a  simply  sentimental  or  ideal  advantage.  It  has  real  practical 
utility,  because  it  prevents  possibilities  of  gross  error. 

"  The  work  Is  ihvaluablb."— Collier*  Guardian. 

"  Ought  to  be  in  etebt  office  where  even  occasional  conversions  are  required.  .  .  .  Prof. 
Smith's  Tab im  form  very  bxcrllbst  checks  on  results.  ...  A  yrey  useful  and  good 
set  of  diagrams."— Electrical  lleview. 

"Prof.  Smith  deserves  the  hearty  thanks,  not  only  of  the  Exgivebb,  but  of  the  Comxbbcial 
Woeld,  for  having  smoothed  the  way  for  the  adoption  of  the  Meteic  System  of  Mbamrbmbrt, 
a  subject  which  is  now  assuming  great  importance  ss  a  factor  in  maintaining  our  hold  upon 
vouiq.1  TEADE.  There  can  be  no  doubt  that  the  antiquated  system  of  Weights  and  Measures 
used  in  this  country  is  doomed  to  he  superseded  by  the  much  simpler  method  of  decimal 
MEABUEEMEiiT.    The  sooner  this  is  recognised,  the  better."—  The  Machinery  Market. 
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By  PROFESSORS  J.  J.  THOMSON  ft  POYNTING, 

In  Large  8vo.     Fully  Illustrated. 

A  TEXT-BOOK   OF    PHYSICS: 

COMPRISING 

PROPERTIES  OF  MATTER;  HEAT;  SOUND  AND  LIGHT; 
MAGNETISM  AND  ELECTRICITY. 

BY 

J.  H,  POYNTING,  J.  J.  THOMSON, 

sc.d.,  F.R.R.,  AKI)  M-A»  r-fts.. 

Late  Fellow  of  Trinity  Col'ege,  Cambridge:  Fellow  of  Trinity  C.»11e*e,  Cambridge:  Prof. 

Professor  of  Physics.  M  wou  College,  of  Experimental  Physics  in  the  University 

Birmingham,  of  Cambridge. 

SaooHD  Edition,  Revited  and  Enlarged.    Podut-Sixe,  Leather,  aim  for  OJlct  &«,  CloU,  Its, 

BOILERS,   MARINE   AND  LAND; 

THEIR    CONSTRUCTION    AND    STRENGTH. 

A  Handbook  or  Rules,  Formulas,  Tables,  &c.,  relative  to  Material, 

Scantlings,  and  Pressures,  Safety  Valves,  Springs, 

Fittings  and  Mountings,  &g* 

fov  tbe  XXee  of  all  SteamfTHaew. 
By  T.  W.   TRAILL,   M.  Inst.O.K,   F.E.RN, 

Engineer  Surveyor- in-Chief  to  the  Board  of  Trade. 


%*  In  the  New  Issue  the  subject-matter  has  been  considerably  extended, 
and  Tables  have  been  added  for  Pressures  up  to  200  lbs.  per  square  inch. 

"Very  unlike  any  of  the  numerous  treatises  on  Boilers  which  bate  preceded  It.  .  .  .  Really 
useful.  .  .  .  Contains  en  Enormous  Qfantitt  op  Information  arranged  in  a  very  convenient 
form.  .  .  .  Those  who  have  to  design  boilers  will  And  that  they  can  settle  the  dimensions  for  any 
given  pressure  with  almost  no  calculation  with  its  aid.  ...  A  most  csrfcl  volumb  .  . 
supplying  information  to  be  had  nowhere  else."— The  Engineer. 

'*  As  a  handbook  of  rules,  formulas,  tables,  Ac.,  relating  to  materials,  scantlings,  and  pressures,  this 
work  wilt  prove  most  rsKPru  The  name  of  the  Author  is  a  sufficient  guarantee  for  its  accuracy.  It 
will  save  engineers,  inspectors,  and  draughtsmen  a  vast  amount  of  calculation."— Nature. 

"  By  such  an  authority  cannot  but  prove  a  welcome  addition  to  the  literature  of  the  subject.  .  .  . 
We  can  strongly  recommend  it  as  being  the  most  compute,  eminently  practical  work  on  the  wnhjast.** 
—Marine  Engineer. 

**To  the  engineer  and  practical  boiler-maker  it  will  prove  imuranm.  The  tables  In  all  nro- 
babUttv  are  the  most  exhaustive  yet  published.  .  .  .  Certainly  deserves  a  place  on  the  shelf  fan 
the  drawing  office  of  every  boiler  shop/ — Fraetteal  Emginm. 
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GRIFFIN'S   METALLURGICAL   SERIES. 


THE  METALLURGY  OF  IRON. 


THOMAS  TURNER.  Assoc.RS.M.,  F.I.C., 

Director  of  Technical  Instruction  to  the  Staffordshire  County  Council, 

In  Large   8vo,   Handsome   Cloth,   With   Numerous   Illustrations 
(many  from  Photographs).      Price  16s. 


GENERAL   CONTENTS. 


Early  History  of  Iron. 

Modern  History  of  Iron. 

The  Age  of  Steel. 

Chief  Iron  Ores. 

Preparation  of  Iron  Ores. 

The  Blast  Furnace. 

The  Air  used  in  the  Blast  Furnace. 

Reactions  of  the  Biast  Furnace. 

The  Fuel  used  in  the  Blast  Furnace. 


Slags  and  Fluxes  of  Iron  Smelting. 

Properties  of  Cast  Iron. 

Foundry  Practice. 

Wrought  Iron. 

Indirect  Production  of  Wrought 

Iron. 
The  Puddling  Process. 
Further    Treatment  of    Wrought 

Iron. 


Corrosion  of  Iron  and  steel. 

"  This  is  a  dklightful  book,  giving,  as  it  docs,  reliable  information  on  a  subject 
becoming  every  day  more  elaborate.  .  .  .  The  account  of  the  chief  iron  ores  is, 
like  the  rest  of*  this  work,  rich  in  detail.  .  .  .  Foundry  Practico1has  been  made 
the  subject  of  considerable  investigation  by  the  author,  and  forms  an  interesting  and 
able  chapter."— Colliery  O iiardian. 

"  Mr.  Turners  work  comes  at  an  opportnne  moment  and  in  answer  to  a  rsal 
demand.  ...  A  thoroughly  us*kful  book,  which  brings  the  subject  up  to 
date.  The  author  has  produced  an  eminently  rk ad  iblk  book.  .  .  .  What- 
ever he  describes,  he  describes  well.  .  .  .  There  is  much  in  the  work  that  will  be 
of  great  value  to  those  engaged  in  the  iron  industry.'' — Mining  Journal. 

"  Full  of  interest  to  the  practical  Ironmaster.  .  .  .  Should  in  the  future 
rank  as  one  of  the  bevt  authorities  on  the  purely  technical  questions  con- 
nected with  the  manufacture  of  Iron.  ...  An  extensive  store  of  permanently 
valuable  information,  with  highly  interesiing  detaius  of  the  inventions  and 
struggles  of  those  engaged  in  the  Trade." — Birmiivjhnm  Daily  Gazette. 

"  There  can  be  no  question  that  Mr.  Turner's  work  is  an  invaluable  contribution 
to  the  history  and  practice  of  one  of  our  greatest  national  industries. * — Staff. 
Advertiser. 

BY  THE  SAME  AUTHOR.     IN  PREPARATION. 
Companion-Volume  on 

THE    METALLURGY    OF    STEEL. 
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WORKS  BY  DR.  ALDER  WRIGHT,  F.R.S. 

FIXED  OILS,  FATS,  BUTTERS,  AND  WAXES: 

THEIR  PREPARATION  AND  PROPERTIES, 

And  the  Manufacture  therefrom  of  Candles,  Soaps,  and 
Other  Products. 

BY 


C.  R.  ALDER  WRIGHT,  D.Sc,  F.R.S., 

listry,  St.  Mary's  Hospital  School ;  Exs 
City  and  Guilds  of  London  Institute. 


Late  Lecturer  on  Chemistry,  St.  Mary's  Hospital  School ;  Examiner  in  "Soap"  to  the 
IGuildsofI 


In  Large  8vo.     Handsome  Cloth.    With  144  Illustrations.     28s. 

"  Dr.  Weight's  work  will  be  found  absolutely  indispensable  by  every  Chemist. 
Teems  with  information  valuable  alike  to  the  Analyst  and  the  Technical  Chemist.1" — 
The  Analyst. 

"Will  rank  as  the  Standard  English  Authority  on  Oils  and  Fats  for  many 
years  to  come." — Industries  and  Ir&n. 


Sboomd  Edition.   With  very  Numerous  Illustrations.    Handsome  Cloth,  6*> 
Also  Presentation  Edition,  Gilt  and  Gilt  Edges,  7s.  6<L 

THE  THRESHOLD  OF  SCIENCE: 

Simple  and  Amusing:  Experiments  (over  400)  in 
Chemistry  and  Physics. 


*#*  To  the  New  Edition  has  been  added  an  excellent  chapter  on  the 
Systematic  Order  in  which  Class  Experiments  should  be  carried  out  for 
Educational  purposes. 

"  Any  one  who  may  still  have  doubts  regarding  the  value  of  Elementary 
Science  as  an  organ  of  education  wiU  speedily  have  his  doubts  dispelled,  if  he 
takes  the  trouble  to  understand  the  methods  recommended  by  Dr.  Alder 
Wright.  The  Additions  to  the  New  Edition  will  be  of  great  service  to  all 
who  wish  to  use  the  volume,  not  merely  as  a '  play -book,'  but  as  an  instrument 
for  the  training  of  the  mental  faculties.  "—Nature. 

"  Step  by  step  the  learner  is  here  gently  guided  through  the  paths  of  science, 
made  easy  by  the  perfect  knowledge  of  the  teacher,  and  made  flowery  by  the 
most  striking  and  curious  experiments.  Well  adapted  to  become  the  t&xasubhd 
FRIEND  of  many  a  bright  and  promising  lad."— Manchester  Examiner. 
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Engineering  Drawing  and  Design 

(A    TEXTBOOK    OF): 
In  Two  Farts,  Published  Separately. 
Yol.  I. — Practical  Geometry,  Plane,  and  Solid.     3s. 
Vol.  II. — Machine  and  Engine  Drawing  and  Design.   4s.  6d. 

by 
SIDNEY  H.   WELLS,  Wh.Sc, 

A.M.INST.C.R,  A.M.INBT.MRCH.B., 

Principal  of,  and  Rend  of  the  Engineering  Department  fn  the  Battersea  Polytechnic  Institute ; 

formerly  of  the  Engineering  Departments  of  the  Yorkshire  College,  Leeds  ; 

and  Dulwich  College,  London. 

With  many  Illustration*,  specially  prepared  for  the  Work,  and  numerous 
Examples,  for  the  Use  of  Studtnts  in  Technical  Schools  and  Colleges. 

" A  thoroughly  usbpil  woaK,  exceedingly  well  written.  For  the  many  Examples  and 
Questions  we  hare  nothing  but  praise."— Mature. 

"  A  capital  text- book,  arranged  on  an  excellent  btstbm,  calculated  to  give  an  intelligent 
grasp  of  the  subject,  and  not  the  mere  faculty  or  mechanical  copying.  .  .  .  Mr.  Wells  shows 
now  to  make  complete  woreing-drawiugs,  discussing  fully  each  step  in  the  design."— Electrical 
Review. 

"The  first  book  leads  easily  and  naturally  towards  the  second,  where  the  technical  pupil 
is  brought  into  contact  with  large  and  more  complex  designs."—  The  Schoolnuultr, 


Electrical  Measurements  &  Instruments. 

A  Practical  Hand-book  of  Testing  for  the  Electrical 

Engineer. 

By    CHARLES    H.    TEAMAN, 

Assoc.  Inst.  E.E.,  formerly  Electrical  Engineer  to  the  Corporation  of  Liverpool. 
The  author  has  had  an  extensive  experience  in  the  use  of  Electrical  Measuring  iLStrumente  of 
various  tjpes  in  the  Laboratory,  Testroom,  and  Workshop. 
The  following  subjects  of  practical  Importance  are  dealt  with— 

Supply  Meters.  |  Potentiometers. 

Galvanometers. 
The  testing  of  Supply  Meters  is  a  subject  upon  which  very  little  has  been  published.    The 
Potentiometer  has  not  been  tysteiuatically  tieated  in  any  receut  book  on  electrical  measurement* 
and  although  Galvanometers  are  considered  by  many  writers,  there  still  remains  the  want  for  a 
connected  description  or  the  different  types  and  their  uses. 
The  Electrical  Engineer  is  particu.arly  concerned  with— 

Alternating  Ci  rhest  Measurements. 

Failty  location. 

Dynamo  amp  Transformer  Efficiency  Tests. 

Low  Resistances.  |  Medium  Resistances. 

Hion  Resistances. 

Battery  Testing.  |  Magnetic  Tests. 

Description  of  Test  rooms  and  Electro-technical  Laboratories. 

This  work  Is  written  by  an  Electrical  Engineer  for  Electrical  Engineers.    It  forms  an  excellent 

text-book  for  students  proceeding  to  the  "  Electrical  Instruments    section  or  the  Honours  Grade 

Examinations  in  Electrical  Engineering  of  the  City  and  Guilds  of  London  Institute. 

The  majority  of  the  illustrations  have  not  been  published  before,  and  have  been  specially 
prepared  for  this  work. 
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Twelfth  Annual  Issue.    Handsome  cloth,  7s.  ft/, 
THE     OFFICIAL     YEAR-BOOK 


SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 

AND  IRELAND. 

COMPILED  FROM  OFFICIAL  SOURCES. 

Comprising  {together  with  other  Official  information)  LISTS  of  the 
PAPERS  read  during  1894  before  ail  the  LEADING  SOCIETIES  throughout 
*iko  Kingdom  engaged  in  the  following  Departments  of  Research  ;— 

i  k.  Science  Generally :  m.,  Societies  occupy- 
ing themselves  with  sereral  Branches  of 
Science,  or  with  Science  and  Literature 

|  a.  Mathematics  and  Physics. 

1 3.  Chemistry  and  Photography. 

1 4.  Geology,  Geography,  and  Mineralogy. 
45.  Biology,  including  Microscopy  and  An- 
thropology. 


5  6.  Economic  Science  and  Statistics. 

I   7.  Mechanical  Science  and  Architecture. 

§  8.  Naval  and  Military  Science. 

v  9.  Agriculture  and  Horticulture. 

5  10.  Law. 

§  11.  Literature. 

Jia.  Psychology. 

$13.  Archaeology. 

§14.  Medicine. 


Of  the  Twelfth  Issue  (for  1895),  The  Engineer  says — "Every 
year  of  publication  of  this  book  has  added  to  the  proofs  of  its 
usefulness.  .  .  .  The  Year-books  of  past  years  form  a  very 
handy  consecutive  index  of  the  work  done  by  the  Societies." 

**  The  Year-Boojc  of  Societies  is  a  Record  which  ought  to  he  of  the  greatest  use  for 
the  progress  of  Science. "—Sir  Ljw*  Play/air,  P.X.8.,  K.C.B.,  M.P.,  Pmst~Prcsid*nt 
§ftk*  British  Association. 

"It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  time 
one  of  the  most  generally  useful  works  for  the  library  or  the  desk."—  Tk*  Times. 

"  British  Societies  are  now  well  representee  in  the  '  Year- Book  of  the  Scientific  and 
Learned  Societies  of  Great  Britain  and  Ireland!"' — (Art.  "  Societies "  in  New  Edition  of 
"  Encyclopaedia  Britannica,"  vol.  xxii.) 


Copies  of  the  First  Issue,  giving  an  Account  of  the  History 
Organization,  and  Conditions  of  Membership  of  the  various 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
had,  price  7/6.     Also  Copies  of  the  following  Issues. 


The  year-book  of  societies  forms  a  complete  index  to 
the  scientific  work  of  the  year  in  the  various  Departments. 
It  is  used  as  a  ready  Handbook  in  all  our  great  Scientific 
Centres,  Museums,  and  Libraries  throughout  the  Kingdom,, 
and  has  become  an  indispensable  book  of  reference  to  every 
one  engaged  in  Scientific  Work. 
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A  BOOK  NO  FAMILY  SHOULD  BE  WITHOUT. 

Thirtieth  Edition.     Royal  ivo,  Handsome  Cloth,  ioj.  6d. 
A  DICTIONARY  OF 

DOMESTIC  MEDICINE  AND  HOUSEHOLD  SURGERY, 

BY 

SPENCER   THOMSON,  M.D.,   Edin.,   L.R.C.S., 

REVISED,  AND  IN  PART  RE-WRITTEN,  BY  THE  AUTHOR, 

by 

JOHN    CHARLES    STEELE,    M.D, 

Latx  or  Guy's  Hospital, 

AND  BY 

GEO.    RE  ID,    M.D.,    D.P.H, 

Med.  Orncaa,  Staffs.  County  Council, 

Appendix  on  tha  ICaaagtmant  of  tho  Sink-room,  and  many  Hmts  tar  Ik* 
Diss  and  Comfort  of  Invalid* 


Into  New  Font,  Da.  Sfewcee  Thomson's  "Dictiokaet  or  Domestic  If  bdicins" 
Mly^sammins  its  reputation  at  the  "  Representative  Book  of  the  Medical  Knowledge  and 
Practice  of  the  Day  *•  applied  to  Domestic  Requirements. 

The  most  recent  Imfkotbmbnts  m  the  Teeatment  of  the  Sick— in  Appliance* 
far  sac  Relist  or  Pain— and  in  all  matters  connected  with  Sanitation,  Hygiene,  and* 
the  Maintenance  of  the  Genseal  Health — will  be  found  in  the  New  Issue  in  clear  and 
full  detail ;  the  experience  of  the  Editors  in  the  Spheres  of  Private  Practice,  of  Hospital 
Treatment,  and  of  Sanitary  Supervision  respectively,  combining  to  render  the  Dictionary 
perhaps  the  most  thoroughly  practical  work  of  the  kind  in  the  English  Language.  Many 
new  Engravings  have  been  introduced — improved  Diagrams  of  different  parts  of  the  Human. 
Body,  and  Illustrations  of  the  newest  Medical,  Surgical,  and  Sanitary  Apparatus. 

\*  AU  Dirutims  ghm  in  suck  mfirm  m  **  be  rmltfy  mmd  mfify  fs/Umnf, 


FROM  THE  AUTHOR'S  PREFATORY  ADDRESS. 

"Without  catenae  upon  that  dimcult  ground  which  correct  professional  knowledge  and  eoueatai  Mf> 
meat  can  along  permit  to  be  safely  trodden,  there  it  a  wide  and  extensive  field  for  exertion,  and  for  uaefamenv 
open  to  the  unprofessional,  in  the  kindly  offices  of  a  trm  DOMESTIC  MEDICINE,  the  timely  help  and 


solace  of  a  ample  HOUSEHOLD  SURGERY,  or,  hatter  still,  in  the  watchful  care  more  generally  known  as 
'  SAN  ITARY  PRECAUTION/  which  tends  rather  to  preserve  health  than  to  cure  disease.  '  Tha  touch  of  a 
gentle  hand '  will  not  be  leu  gentle  because  guided  by  knowledge,  nor  will  the  smfr  domestic  remedies  be  lorn 
anxiously  or  carefully  administered.  life  may  be  saved,  suffering  may  always  be  alleviated.  Evan  to  tho 
resident  in  the  midst  of  crviUsation,  the  'KNOWLEDGE  IS  POWER,'  to  do  good ;  to  tha  settler  and 
tit  is  INVALUABLE." 


"Dr.  Thomson  has  fully  succeeded  m  convoying  to  tha  public  a  vast  amount  of  ueaml  i 
■aowlw  &&."-£>**£*  J~rn*l<fM*dic*iSc*mc*. 

•*  The  amount  of  useful  knowledge  convayod  in  this  Work  i*  wBpMmt.m—Midkml  Thnm  mm*  Gmmm. 
- Woara  its  wsoovT  m  sold  to  famsubs  aw  rmm  QMBOtf—O&vd  HtmUL 


UMDON:  CHARLES  GRIFFIN  *  CO.,  LIMITED,  EXETER  STREET,  8TRAH0. 


FIRST    SERIES— THIRTY-SIXTH    EDITION. 
SECOND   SERIES— TENTH  EDITION. 

MANY  THOUGh¥¥~MMY  MINDS: 

A  Treasury'  of  Reference,  consisting  of  Selections  from  the  Writings  of  the 
most  Celebrated  Authors.     FIRST  AND  SECOND  SERIES. 

COMPILED  AND  ANALYTICALLY  ABBANOED 

By    HENRY     SOUTHGATE. 

♦ 

Each  Series  is  complete  in  itself,  and  sold  separately.  • 
Presentation  Edition,  Cloth  and  Gold,  .  .    12s.  6d.  each  volume. 

Library  Edition,  Half  Bound,  Roxburghe,    .        .    14s.  „ 

Do.,  Morocco  Antique,        .  21s.  „ 

In  Square  8co,  elegantly  printed  on  toned  paper. 


•"Maht  Thoughts,*  &c,  are  evidently  the  pro- 
duce of  years  of  research."— Examiner. 

"  Many  beautiful  examples  of  thought  and  style 
are  to  be  found  Among  the  selections."— Leader. 

"  There  can  be  little  doubt  that  it  Is  destined  to 
take  a  high  place  among  books  of  this  class."— 
Jiotes  and  Queries. 

"  A  treasure  to  every  reader  who  may  be  fortu- 
nate enough  to  possess  it  Its  perusal  Is  like  in- 
haling essences ;  we  have  the  cream  only  of  the 
jjreat  authors  quoted  Here  all  are  seeds  or  gems." 
—English  Journal  of  Education. 

"Mr.  Southgate's  reading  will  be  found  to  ex- 
tend over  nearly  tho  whole  known  field  of  litera- 
ture, ancient  and  modern."  —  Gentleman's  Maya- 
sine. 

"  We  have  no  hesitation  In  pronouncing  it  one 
of  tho  most  Important  books  of  the  season.  Credit 
is  due  to  the  publishers  for  the  elegance  with  which 
tho  work  is  gut  up,  and  for  the  extreme  beauty 
-and  correctness  of  the  typography."*  —  Morning 
Chronicle. 

"  Of  tho  numerous  volumes  of  the  kind,  wo  do 
not  remember  having  met  with  pne  in  which  the 
selection  was  more  judicious,  or  Iho  accumulation 
of  treasured  so  truly  wonderful."— Morning  Herald. 

"  The  selection  of  the  extracts  has  been  made 
with  taste,  judgment,  and  critical  nicety."— Morning 
font. 

"  This  is  a  wondrous  book,  and  contains  a  great 
many  gems  of  thought."—  Daily  yews. 

"  As  a  work  of  reference,  it  will  be  an  acquisition 
to  any  man's  library."— Publishers'  Circular. 

"  This  volume  contains  more  gems  of  thought, 
refined  sentiments,  noble  axioms,  and  extractablc 
sentences,  than  have  ever  before  been  brought  to- 
gether in  our  language.'  —The  Field 

"All  that  the  poet  has  described  of  the  beautiful 
In  nature  aud  art,  all  the  axioms  of  experience, 
the  collected  wisdom  of  philosopher  and  sage,  are 
garnered  into  one  heap  of  useful  and  well-arranged 
instruction  and  amusement."—  The  Era. 

"  The  collection  will  prove  a  mine  rich  and  in- 
exhaustible, to  those  in  search  of  a  quotation."— 
Art  Journal. 


"  Will  be  found  to  be  worth  its  weight  in  gold 
by  literary  men/'— The  Builder. 

"  Every  page  is  laden  with  the  wealth  of  jpro- 
foundest  thought,  and  all  aglow  with  the  tamos* 
inspirations  of  genius.  "—Star. 

"  The  work  of  Mr.  Southgate  far  outstrips  all 
others  of  its  kind.  To  the  clergymen,  the  author, 
the  artist,  and  the  essayist,  'Many  Thoughts  of  Many 
Minds'  cannot  fail  to  render  almost  incalculable 
service."— Edinburgh  Mercury. 

"  We  have  no  hesitation  whatever  in  describing 
31  r.  Southgate's  as  the  very  best  book  of  the  class. 
There  is  positively  nothing  of  the  kind  in  the  lan- 
guage that  will  bear  a  moment's  comparison  with 
it."— Manchester  Weekly  Advertiser. 

"  There  is  no  mood  in  which  we  can  take  it  up 
without  deriving  from  it  instruction,  consolation, 
and  amusement  We  heartily  thank  Mr.  Southgate* 
for  a  book  which  we  shall  regard  as  one  of 
our  best  friends  and  companions."—  Cambridge 
Chronicle. 

"  This  work  possesses  the  merit  of  being  a 
MAGsmcBJT  gift-book,  appropriate  to  all  times 
and  seasons;  a  book  calculated  to  be  of  use  to> 
the  scholar,  the  divine,  and  the  public  man."* — 
Freenmson's  Magazine. 

"  It  is  not  so  much  a  book  as  a  library  of  quota- 
tions.'*— Patriot. 

"  The  quotations  abound  in  that  thought  which 
is  the  mainspring  of  mental  exercise.'*— Liverpool 
Courier. 

"For  purposes  of  apposite  quotation.  It  cannot 
be  surpassed.  "—ItrUttol  Times. 

"  It  is  impossible  to  pick  out  a  single  passage  ia 
the  work  which  does  not,  upon  the  isce  of  it*  jus- 
tify its  selection  by  its  intrinsic  merit."— Dorset 
Chronicle. 

"We  are  not  surprised  that  a  Sbcosd  8bri»  of 
this  work  should  have  been  called  for.  Mr.  bouth- 
gato  has  the  catholic  tastes  desirable  in  a  good 
Editor.  Preachers  and  public  speakers  will  find 
that  it  has  special  uses  for  them.""— Edinburgh  DaUy 
Review . 

"  The  Sncojrn  Sbbibs  fully  sustains  the  deserved 
reputation  of  the  Fiaai/Woaa  Bull. 
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